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Serial-to-Ethernet  Converter 


Available  Nowl 

New  2008  Lower  Pricing 


Sample  Browser  Screenshot 


PoE  Site  Player  Telnet  System 

- $99,95 

Site  Player  Telnet  System 

- $79.95 
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SitePlayer  TeJnet  Module 


Power  Over  Ethernet 


• Configure  and  upgrade  through  web  browser 

• Access  micro-controller  or  other  RS232  serial  device 
over  The  Internet 

• Full  RS232  handshaking 


• 50  to  1 1 500  baud  data  rates 

• DHCP,  Link  Local,  and  static  IP  Addresses 

• TCP/IP  and  UDP  data  transfers 


siteplayer.com 

NetMedla  Inc.  Tucson  AZ  85737  t. 520-544, 4567  f .520-544.0800  netmedia.com 


Monitoring  Applications 
Just  Got  Easier 


Smarter  Embedded  Design 

The  RCM4300  RabbitCore®  module  gives  you  more  processing 
power  and  memory  for  your  demanding  embedded  applications 
that  require  web  interfaces,  graphics  or  encryption.  Data  logging 
applications  will  also  take  advantage  of  the  miniSD™  memory  cards 
with  up  to  1 GB  of  storage.  It's  easy  to  add  the  RCM4300  - or  any 
RabbitCore  module  - to  your  pin-compatible  design. 


Superior  Performance  and  Mass  Storage  for: 

• Web  interfaces  and  graphics 

• Data  logging 

• Security  and  encryption 


Get  Your  Development  Kit  Today  for  $259 

Development  kits  include  everything  to  start  your 
development.  Dynamic  C®  software,  RCM4300 
RabbitCore  module,  51 2MB  miniSD™  card,  development 
board,  programming  cables  and  accessories. 

www.rabbitembedded.com 


RCM4300  RabbitCore® 

• Rabbit®  4000  @ 58.98  MHz 

• 1 0/1  OOBase-T  Ethernet 

• Up  to  1GB  of  miniSD™ 

• 8 channel  analog  input,  1 2-bit 


2900  Spafford  Street,  Davis,  CA  95618  Tel  530.757.8400 


08059 


Let  your  geek  shine. 

Meet  Pete  Lewis,  lead  vocalist  for  the  band 
Storytyme.  Pete  recently  created  the  RSI  000, 
a new  personal  monitor  system  for  performing 
musicians.  It  was  SparkFun’s  tutorials,  products 
and  PCB  service  that  enabled  him  to  take  his  idea 
to  market  in  less  than  a year. 

The  tools  are  out  there.  Find  the  resources  you 
need  to  let  your  geek  shine  too. 


sparltfun 

'electronic 


Sharing  Ingenuity 

WWW. SPAR  KFU  N.COM 


©2008  SparkFun  Electronics,  Inc.  All  rights  reserved. 

Hear  music  from  Storytyme  at  www.storytymeband.com,  or  check 
out  Pete’s  RSI  000  at  www.rockonaudio.com. 


You’ve  done  it  the  hard  way.  You've  earned  the  right. 

Introducing  Logic,  the  new  Logic  Analyzer  with  SPI,  Serial,  and  I2C.  Now  shipping  for  $149. 


f&iogic 


Decide  if  Logic  is  worthy  of  your  workbench  at  saleae.com. 
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58  THE  ALTOIDIMETER 

See  how  this  Zlog  miniaturized 
recording  altimeter  can  give  you 
the  stats  you  want  from  a variety 
of  applications. 

■ By  Marvin  Mallon 

62  SMILEY'S  WORKSHOP:  AN  AVR 
C PROGRAMMING  SERIES 

Part  4:Teaching  a 
Butterfly  to  Talk. 

■ By  Joe  Pardue 


Columns 


12  TECHKNOWLEDGEY 
2008 

Events,  Advances,  and  News 

Topics  covered 
include  black  holes, 
all-in-one  desktops, 
and  electronic  paper, 
just  to  name  a few. 

15  PERSONAL 
ROBOTICS 

Understanding,  Designing  & 
Constructing  Robots 

RoboBench  Part  1: 
Putting  the 
CrustCrawler  AX-1 2+ 
Smart  Arm  to  work. 

22  STAMP 

' APPLICATIONS 

Putting  the  Spotlight  on  BASIC 
Stamp  Projects,  Hints  & Tips 

SX/B  2.0. 


28  Q&A 

Reader  Questions  Answered 
Here 

High  current  LED 
driver,  dimmer  for 
12VDC  lamps,  more. 

70  THE  DESIGN 
" CYCLE 

Advanced  Techniques  for 
Design  Engineers 

Moving  past  the  2x16 
LCD  display. 

78  NEAR  SPACE 

Approaching  the  Final  Frontier 

Near  spacecraft 
recovery  systems: 

Part  2 

84  GETTING  STARTED 
WITH  PICs 

The  Latest  in  Programming 
Microcontrollers 

Holiday  gifts  for  PICers. 


www.nutsvolts.com 

Projects 

36  MICROPROCESSOR 

CONTROLLED  WOOD  STOVE:  Part  2 

Complete  the  hardware  and  learn  how 
everything  interacts  to  finally  get  your 
fire  burning. 

■ By  Kerry  Barlow 

Intermediate  Level 


43  MICROPROCESSOR  CONTROLLED 
CHRISTMAS  TREE 

Brighten  the  holidays  with  this 
easy-to-build  electronic  PICmas  project. 
■ By  Dave  Baker,  John  Toebes, 
and  Mark  Schnell 
Advanced  Level 


52  HOLIDAY  LIGHTS  REVISITED 

Give  last  year's  project  a facelift  to 
make  this  season  even  more  bright. 
■ By  Peter  Stonard 
Advanced  Level 
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SERIAL  TO  ETHERNET  SOLUTIONS 


Device  P/N:  SB70-100CR 
Kit  P/N:  NNDK-SB70-KIT 


$69 

Qty.  100 


SB70 


2-port  serial-to-Ethernet  server 
with  TTL  support 


Simple  Ethernet  connectivity 
for  serial  devices 


Works  out  of  the  box  - 
no  programming  is  required 

Customize  to  suit  any 
application  with  low-cost 
development  kit 


Features: 

10/100  Ethernet 


TCP/UDP  mode 


SB72E*  $139 


2-port  serial-to-Ethernet  server 
with  RS-232  & RS-485/422  support 


Qty.  100 


DHCP/Static  IP  Support 
Data  rates  up  to  921 ,6kbps 
Web-based  configuration 


Need  a custom  solution? 


NetBurner  Serial  to  Ethernet 
Development  Kits  are  available 
to  customize  any  aspect  of 
operation  including  web  pages, 
data  filtering,  or  custom  network 
applications.  All  kits  include 
platform  hardware,  ANSI  C/C++ 
compiler, TCP/IP  stack,  web  server, 
e-mail  protocols,  RTOS, flash  file 
system.  Eclipse  IDE,  debugger, 
cables  and  power  supply. 


< 269  PK70EX232 

_ 4-port  serial-to-Ethernet  server 

Qty.  100  K 

with  RS-232  support 


w. 


atBurner 

Networking  in  One  Day! 


Information  and  Sales  | sales@netburner.com 
Web  | www.netburner.com 
Telephone  | 1-800-695-6828 


^ freescale 

Alliance  Member 


While  clean  power  is  frequently 
equated  with  green  power,  it  can  also 
refer  to  AC  power  free  from  spikes, 


dips,  surges,  audio,  and  RF  noise. 
The  US  power  grid  may  be  99.9% 
reliable;  that  0.1%  can  wreak  havoc 
on  computers  and  other  sensitive 
electronics.  Moreover,  I recently 


learned  the  hard  way  that  one  of  the 
precautions  commonly  taken  to 
assure  uninterrupted,  clean  power 
can  take  down  your  computer  and 
potentially  devastate  your  entire 
workshop.  First,  a bit  of  background 
on  surge  suppressors  and  uninterrupt- 
ed power  supplies.  Surge  suppressors 
are  the  most  affordable  and  simpler 
of  the  two  technologies,  often  com- 
prising a 1 5 to  20A  circuit  breaker 
and  at  least  one  metal  oxide  varistor 
(MOV).  Unfortunately,  some  power 
strips  sold  as  "surge  suppressors"  are 
current  surge  suppressors  — meaning 
they  contain  a circuit  breaker  and 
don't  clamp  voltage  surges.  Voltage 
surge  suppressors  clamp  the  voltage 
to  1 50  to  250  VAC,  depending  on 
the  MOVs  or  other  components  used 
in  the  circuit.  Furthermore,  a quality 
MOV-based  surge  suppressor  will 
employ  three  MOVs:  one  from  hot  to 
neutral;  and  one  each  from  hot  and 
neutral  to  ground.  When  a voltage 
spike  appears  across  one  of  the 
MOVs,  it  conducts  — dissipating  the 
power  within  the  ceramic  device. 
Large,  high-energy  spikes  can  destroy 
a MOV,  leaving  a short  or  open. 
Hence,  the  need  to  locate  MOVs 
between  the  circuit  breaker  and  the 
load  so  that  the  breaker  trips, 
disconnecting  the  load  from  the 
power  mains. 

My  favorite  surge  suppressor  is  a 
modified  Trip-Lite  PS481 6 — a 1 6 
outlet  power  strip  with  a 1 5A  circuit 
breaker  and  lighted  on-off  switch.  To 
the  $55  strip,  I added  three  MOVs: 
one  from  hot  to  neutral;  one  from 
hot  to  ground;  and  one  from  neutral 
to  ground.  I used  1 50  VAC/400  VAC 
clamp  MOVs  rated  at  6,000A  peak 
current  and  <25  ns  response  time 
with  good  results  (Mouser  #581- 
VE1  7P001 51  K,  $0.45).  The  aluminum 
Trip-Lite  is  easily  disassembled, 
modified,  and  reassembled.  Of 
course,  you  can  also  buy  commercial 
surge  suppressor  power  strips  and 


DOWNLOAD  our  free  CAD  software 
DESIGN  your  two  or  four  layer  PC  board 
SEND  us  your  design  with  just  a click 
RECEIVE  top  quality  boards  in  just  days 


e4)resspcb.com 
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rack-mount  power  conditioners  — 
with  multiple  outlets.  The  better 
power  conditioners,  such  as  the  units 
by  Furnman  (starting  about  $150)  — 
add  linear  filtering  to  eliminate  RF 
noise  from  the  power,  a real-time 
voltmeter,  sub-ns  response  time,  and 
over-voltage  protection. 

The  second  method  of  assuring 
"clean"  power  is  to  use  an  uninter- 
ruptable  power  supply  (UPS)  — a 
battery-powered  DC-to-AC  converter 
with  voltage  sensing  capabilities.  A 
basic  UPS  senses  when  the  line 
voltage  falls  below,  say,  105  VAC, 
and  within  a few  ms  fires  up  the  DC- 
to-AC  converter  and  switches  the 
load  to  the  converter.  Depending  on 
the  battery  capacity  and  the  load 
imposed  by  your  computer  system, 
you'll  have  from  two  to  20  minutes  to 
save  your  work  and  shut  down.  More 
advanced  "smart"  UPS  models 
respond  to  both  brown-out  and  over- 
voltage conditions,  add  voltage  surge 
suppression  for  cable  modem 
connections,  and  automatically 
power-down  your  computer 
equipment.  It's  good  to  remember 
that  a surge  can  enter  your 
computer,  TV,  or  test  gear  from  any 
number  of  paths. 

The  problem  with  all  of  this  tech- 
nology is  that  it's  all  too  easy  to  treat 
it  as  plug-and-play.  Unfortunately,  it 
isn't.  Your  "surge  suppressor"  may  be 
nothing  more  than  a power  strip  if 
the  MOV(s)  inside  were  destroyed. 
When  was  the  last  time  you  tested/ 
inspected  your  surge  suppressors? 
Moreover,  back  to  the  story,  when 
was  the  last  you  turned  off  your  UPS 
for  the  night  or  when  you  went  away 
for  the  weekend? 

This  summer,  upon  returning 
home  after  a week  away,  I detected 
the  unmistakable  odor  of  burning 
insulation  in  my  workshop.  At  first,  I 
couldn't  determine  the  source.  My 
computers  booted  up  without  a 
hitch,  and  the  instruments  were  fine. 
Frustrated,  I took  out  my  hand-held 
IR  thermometer  and  scanned  the 
room.  The  case  of  my  UPS  — a rather 
expensive,  name-brand  model  — was 
simmering  at  190  degrees  F.  There 
was  no  alarm  or  any  outward  sign  of 
problems.  Using  heavy  work  gloves,  I 
disconnected  the  unit  and  brought  it 


outside  to  cool  for  a few  hours.  After 
another  20  minutes  of  prying,  I man- 
aged to  extract  the  two  engorged, 
oozing  12V  7 AH  gel  batteries.  As 
you  can  see  in  the  photo,  both 
batteries  had  burst.  Despite  the 
touted  "intelligence"  of  the  unit, 
there  was  apparently  no  thermal  cut- 
off. So  much  for  set  it  and  forget  it. 

I no  longer  leave  home  without 
turning  off  my  new  UPS.  You  might 
consider  doing  the  same  — or 
developing  an  independent  thermal 


cut-off  circuit  project  to  share  with 
other  readers.  NV 


The  Newest  Products  and 
Technologies  are  Only  a Click 

Away!  mouser.com 


• Over  A Million  Products  Online 

• More  Than  366  Manufacturers 

• Easy  Online  Ordering 

• No  Minimum  Order 

• Fast  Delivery,  Same-day  Shipping 


(800)  346-6873 


MOUSER 

ELECTRONICS 


a tti  company 


The  Newest  Products 

For  Your  Newest  Designs 


Mouser  and  Mouser  Electronics  are  registered  trademarks  of  Mouser  Electronics,  Inc.  Other  products,  logos,  and 
company  names  mentioned  herein,  may  be  trademarks  of  their  respective  owners. 
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Full  Speed 

It  writes  your  USB  Code! 

NEW!  HIDmaker  FS  for  Full  Speed  FLASH  PIC18F4550 


Creates  complete  PC  and  Peripheral 
programs  that  talk  to  each  other  over 
USB.  Ready  to  compile  and  run! 

• Large  data  Reports 

• 64, 000  bytes/sec  per  Interface 

• Easily  creates  devices  with  multiple 
Interfaces,  even  multiple  Identities! 

• Automatically  does  MULTITASKING 

• Makes  standard  or  special  USB  HID 
devices 

NEW!  “Developers  Guide  for  USB  HID 
Peripherals”  shows  you  how  to  make 
devices  for  special  requirements. 


Both  PC  and  Peripheral  programs 
understand  your  data  items  (even  odd 
sized  ones),  and  give  you  convenient 
variables  to  handle  them. 

PIC18F  Compilers:  PICBASIC  Pro, 
MPASM,  Cl  8,  Hi-Tech  C. 

PIC16C  Compilers:  PICBASIC  Pro, 
MPASM,  Hi-Tech  C,  CCS  C. 

PC  Compilers:  Delphi,  C++  Builder, 
Visual  Basic  6. 

HIDmaker  FS  Combo:  Only  $599.95 


/ 1 


SYSTEMS,  Inc. 


DOWNLOAD  the  HIDmaker  FS  Test  Drive  today! 
www.T raceSystemslnc.com 
301-262-0300 


The  Standard  for  checking 
Capacitors  in-circuit 


Good  enough  to  be  the 
choice  of  Panasonic, 
Pioneer,  NBC,  ABC,  Ford, 
JVC,  NASA  and  thousands 
of  independent  service 
technicians. 


Inexpensive  enough  to  pay  for  itself  in  just 
one  day’s  repairs.  At  $209,  it’s  affordable. 


And  with  a 60  day  trial  period,  satisfaction 
guaranteed  or  money-back  policy,  the  only 
thing  you  can  lose  is  all  the  time  you’re 
currently  spending  on  trying  to  repair  all 
those  dogs  you’ve  given  up  on. 


Locate  shorted  or  leaky 
components  or  conditions 
to  the  exact  spot  in-circuit 

Still  cutting  up  the  pcb, 
and  unsoldering  every 
part  trying  to  guess  at 
where  the  short  is? 

$209 

Your  DVM  shows  the  same  shorted  reading  all 
along  the  pcb  trace.  LeakSeeker  82B  has  the 
resolution  to  find  the  defective  component. 
Touch  pads  along  the  trace,  and  LeakSeeker 
beeps  highest  in  pitch  at  the  defect’s  pad.  Now 
you  can  locate  a shorted  part  only  a quarter  of 
an  inch  away  from  a good  part.  Short  can  be 
from  0 to  150  ohms 


CapAnalyzer  88A 


LeakSeeker  82B 


Available  at  your  distributor,  or  call  561-487-6103 

Electronic  Design  Specialists  www.eds-inc.com 
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Windows  CE  Touch  Controller 


TM 


The  CUWIM  combines  a graphic 
display  and  touch  interface  with 
3 high  efficiency  industrial  controller 
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-1Q0  r&tal-.jtion  26 OK  colors 
Touch  pan&i 

SD  card  £ b.U ie_*i r-u ! support 
RS232  x 2 I R 54-35  x 1 or  R5232  x 3 
Mono  Speaker  aid  Ster-eo  Jack 
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Visual  Sasic  ancr  Visua  C++  suppurl 
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Keyboard  or  Mouse  support 
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TECHNOLOGY 


550  Pilgrim  Drive  Suite  K Foster  City,  CA  94404 
Call : 1-888-9CUBLOC  (toll  free) 
1-888-928-2562 


* IIQ-O^y  Hoofly-Hasfc  Guarantee 


www.cubloc.com 

to  see  more  products! 


CUBLOC 


Use  BASIC  a no  Ladder  Log  sc 

80  ~ 200KB  Hash  Da  la  Program  memorv 

2 "*?  1 1 QKB  Data  memory 

BASIC  Speed  ; 36.000  in$tructians/sec 

RS232.  SPI.  I2C.  MODBUS 


CB320 
*.  * 


PLC  on  chip  with  BASIC 


The  CU  BLOC's  unique  multi-tasking  RTOS  runs  BASSO  and  Ladder  Logic 
programs  side-by-side,  allowing  you  to  combine  the  flexibility  of  BASIC 
with  the  industry-proven  power  of  Ladder  Logic 


CB380 
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EVENTS,  ADVANCES,  AND  NEWS 


■ BY  JEFF  ECKERT 

ADVANCED  TECHNOLOGY 


■This  Chandra  image  shows  our 
Galaxy's  center,  with  the  arrow  aimed 
at  Sagittarius  A*.  Credit:  NASA/CXC 
/MIT/Frederick  K.  Baganoff  et  al. 


Black  holes  are  pretty  well 

accepted  as  fact  these  days.  After 
all,  they  were  theorized  as  early  as 
1 783  by  Rev.  John  Michell,  an 
amateur  English  astronomer.  They 
are  described  by  the  general  theory 
of  relativity,  have  a definable  event 
horizon  at  the  outer  edge,  and  may 
last  forever.  (However,  when  quan- 
tum theory  is  taken  into  account, 
they  may  actually  leak  thermal 
energy  [Hawking  radiation]  and  may 
have  a finite  life.  But  I digress.) 

For  Capt.  Jean-Luc  Picard,  black 
holes  were  more  common  than  fleas 
on  a Clingon,  so  they  must  be  real. 
The  only  snag  is  that  no  one  has 
actually  proven  their  existence.  For 
obvious  reasons,  it's  impossible  to 
see  one,  but  at  least  you  can  observe 
its  effects  — if  you  can  get  a ringside 
seat,  that  is. 

Space  gases  and  solid  objects 
heat  up  as  they  are  pulled  closer  to 
the  event  horizon,  so  you  can  learn 
some  things  about  the  black  hole 
from  the  resulting  glow.  As  it  turns 
out,  this  one  let  out  a mysterious 
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major  flare  about  300  years  ago 
but  has  been  relatively  dormant 
ever  since. 

Well,  astronomers  at  the  MIT 
Haystack  Observatory  are  busy 
peeping  in,  and  the  latest  observation 
tool  is  a "virtual  telescope"  that  they 
created  by  linking  radio  dishes  locat- 
ed in  Hawaii,  Arizona,  and  California. 
The  resulting  device  measures  28,000 
miles  (45,000  km)  across  and,  — 
because  its  angular  resolution  enables 
a technique  known  as  very  long  base- 
line interferometry  — can  generate 
images  1,000  times  as  fine  as  those 
of  the  Hubble  Space  Telescope.  The 
current  focus  is  on  the  glowing  region 
of  Sagittarius  A*  (pronounced 
"A-star"),  a suspected  black  hole  that 
resides  in  the  center  of  our  own  Milky 
Way.  A*  is  a jumbo,  containing  about 
four  million  times  the  mass  of  the 
Sun.  New  observations  have  been 
made  using  1.3  mm  radio  waves, 
which  can  penetrate  the  fog  of 
interstellar  gas  that  blurs  observations 
at  longer  wavelengths,  and  they  have 
revealed  the  highest  density  yet  for 
the  concentration  of  matter  at  the 
center  of  our  galaxy. 

The  astronomers  concluded  that 
the  source  of  the  radiation  likely 
originates  with  either  a disk  of  matter 
swirling  in  toward  the  black  hole  or  a 
high  speed  jet  of  matter  being  ejected 
by  it.  This  "is  important  new  evidence 
supporting  the  existence  of  black 
holes,"  according  to  MIT's  Sheperd 
Doeleman.  "Future  observations  that 
create  even  larger  virtual  telescopes 
will  be  able  to  pinpoint  exactly  what 
makes  Sagittarius  A*  light  up." 

...and  Down 

Since  it  was  introduced  commer- 
cially in  the  1960s,  the  scanning 
electron  microscope  (SEM)  has  been 


pretty  much  the  cat's  meow  for 
nanoscale  measurement.  But  last 
summer,  Carl  Zeiss,  Inc.  (www.zeiss. 
com),  delivered  the  first  helium  ion 
microscope  to  the  National  Institute 
for  Standards  and  Technology  (NIST, 
nist.gov).  Dubbed  "Orion,"  it  will  be 
used  for  improving  production  in  the 
semiconductor  and  nanomanufactur- 
ing industries.  The  new  microscope 
uses  helium  ions  to  generate  the 
signal  used  to  image  extremely  small 
objects,  which  is  similar  to  the  way  an 
SEM  works.  Paradoxically,  although 
helium  ions  are  much  larger  than 
electrons,  they  can  provide  higher 
resolution,  higher  contrast  images. 

According  to  Bill  Ward,  the 
instrument's  principal  inventor, 
"Because  the  Orion  ion  beam 
appears  to  be  emanating  from  a 
region  which  is  less  than  an  angstrom 
in  size,  the  resulting  ion  beam  has  a 
remarkable  brightness.  This  makes  it 
possible  to  focus  the  beam  into  a 
very  small  probe  size.  Ultimately, 
this  microscope  will  enable  further 
scientific  advancements  in  a large 
number  of  fields,  such  as  semicon- 
ductor process  control,  life  science 
applications,  and  materials  analysis." 

Zeiss  has  already  replaced  the 
original  Orion  with  the  Orion  Plus, 
which  incorporates  many  of  NIST's 
suggestions  in  its  design,  including 
an  improved  cooling  system  for  the 


■ An  image  of  gold  atoms  on  tin 
from  a scanning  electron  microscope 
(left)  has  relatively  poor  depth  of 
field.  By  contrast,  the  entire  image 
from  a helium  ion  microscope  image 
(right)  is  sharp  and  clear.  Credit:  NIST. 


TECH  KNOWLEDGEY  2008 


■ New  models  in  the  Sony  VAIO®  line- 
put  an  HDTV,  Blu-ray  player,  and  PC  in 
box.  Courtesy  of  Sony  Corp. 

helium  source  for  better  imaging. 

COMPUTERS  AND 
NETWORKING 

New  "All-in-One"  Desktop 

Last  September,  Sony 

(www.sony.com)  introduced  three 
new  all-in-one  desktop  machines:  the 
VAIO®  JS,  LV,  and  RT  models.  Each 
one  includes  an  HDTV,  a Blu-ray 
Disc™  player,  and  a PC  in  a compact 
design.  Ranging  in  price  from  about 
$1,000  to  $3,300,  they  are  billed  as 
"ideal  for  everything  from  everyday 
computing  to  editing  high-definition 
video  content." 

At  the  top  of  the  line  is  the  RT 
High  Definition  Studio,  designed 
especially  for  high-def  video  editing. 

Its  25.5  in  (diagonal)  LCD  display 
features  XBRITE-FullHD  LCD 
technology  and  a Blu-ray  optical  drive 
that  lets  you  play,  record,  and  edit 
HD  videos  in  1080p  resolution.  In 
addition  to  the  built-in  digital  TV 
tuners,  an  HDMI  In  port  lets  you 
connect  compatible  HD  cable  and 
satellite  boxes.  An  HDMI  output 
has  also  been  included,  allowing 
connection  to  an  external  LCD 
display  or  HDTV.  The  RT  series 
incorporates  Intel®  Core™  2 Quad 
processors,  up  to  8 GB  of  RAM,  and 
a terabyte  hard  drive.  It  is  equipped 
with  a high-speed  eSATA  port  for 
extra  storage,  and  a CompactFlash® 
slot.  The  other  models  — naturally  — 
offer  fewer  frills  but  lower  price  tags. 


Free  FileTranslations 

ood  news,  fellow  cheap- 
skates. If  you  receive  a lot 
of  word  processor  and  graphics 
files  from  a wide  range  of 
sources,  you  are  bound  to  run 
into  some  that  are  unreadable 
by  your  software.  Word, 
Photoshop,  etc.,  will  open  only 
a relatively  small  number  of 
alien  file  formats,  which  can 
cause  you  to  scrounge  the 
Internet  for  free  conversion 
utilities.  Well,  your  scrounging 

days  are  over.  All  you  have  to 
up  , . , 

one  do  is  log  onto  zamzar.com, 

upload  the  file,  and  tell  it  what 
you  want  the  converted  version 
to  be.  A short  time  later,  it  will 
appear  in  your  mailbox.  The  basic 
service  is  free,  and  it  works  with  a 
huge  number  of  document,  image, 
music,  video,  and  compression 
formats.  But  — of  course  — there  is  a 
catch.  First,  you  have  to  wait  until 
they  are  good  and  ready  to  send  it  to 
you,  which  in  my  test  took  a couple 
hours.  Not  bad.  And  you  are  limited 
to  files  of  1 00  MB  or  less.  But  for  a 
price,  you  can  get  faster  conversion, 
processing  of  files  up  to  1 00  GB,  a 
personal  inbox  for  online  storage, 
and  no  ads  when  you  log  in.  The 
paid  levels  will  run  you  $7,  $16,  or 
$49  per  month  depending  on  how 
much  speed  and  capacity  you  need. 

Watch,  Record  TV  over  USB 

If  you  like  the  idea  of  linking 
your  desktop  or  notebook  PC  to 
commercial  television  but  don't  want 
to  spend  a lot  of  money  doing  it, 
there  is  always  the  WinTV-HVR-950Q 
from  Hauppauge  Computer  Works 
(www.hauppauge.com). 

Rather  than  chucking  the  old 
computer,  you  just  plug  this  $99 
tuner  stick  into  a USB  port  and  away 

you  go. 
You 
can 
watch 
live 
HDTV 

■ The  WinTV-HVR-950Q  allows  you 
to  watch,  record,  and  pauseTV 
programming  on  your  PC.  Courtesy 
of  Hauppauge  Computer  Works. 


or  analog  and  clear  QAM  cable  TV 
on  your  PC,  and  record  and  pause 
the  programming  at  will.  The  WinTV 
v6  application  lets  you  watch  and 
record  TV  in  a window  or  full  screen, 
and  WinTV-Scheduler  allows 
recording  shows  on  a daily,  weekly, 
or  once-only  basis. 

The  unit  is  also  compatible  with 
Microsoft's  Windows  Media  Center. 
The  package  includes  a remote  con- 
trol and  a portable  TV  antenna.  But 
note  that  the  unit  supports  over-the- 
air  HD  broadcasts  but  cannot  decode 
HD  signals  that  come  through  a cable 
or  satellite  box.  Analog  TV  recording 
will  typically  consume  1.5  Gb  of 
disk  space  per  hour,  whereas  ATSC 
high-def  recording  gobbles  up  to 
5 Gb,  so  you  may  need  to  beef  up 
your  storage  capabilities. 

CIRCUITS  AND 
DEVICES 

Another  Shot  at 
Electronic  Paper 


■ E-paper  has  been  around  for 
several  years  in  various  forms,  but 
the  reading  public  has  continued  to 
prefer  turning  the  pages  of  a morning 
newspaper  or  lumpy  old  paperback 
book  to  endless  scrolling  on  an 
electronic  display. 

Plastic  Logic  (www.plasticlogic. 

com)  is  taking  another  whack  at 
E-paper  with  its  recently  introduced 
electronic  reader,  scheduled  to  hit 
the  market  early  next  year.  This  one 
is  bigger  than  most,  offering  an  8.5  x 
1 1 in  display,  which  makes  is  feasible 
for  business-oriented  material  and 
decent-sized  graphics.  It  is  also 
thinner  than  the  average  issue  of 
National  Geographic , so  it  won't  take 
up  much  space  in  your  briefcase. 

The  reader  supports  a range  of 
document  formats,  including  the 
Microsoft  Office  suite  and  Adobe 
PDFs.  You  can  link  to  the  document 
source  through  either  a wired  or 
wireless  connection,  and  several 
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thousand  documents  can  be  stored 
internally.  As  of  this  writing,  no  price 
tag  has  been  attached,  but  one  of 
the  main  deal  killers  of  competing 
products  is  the  high  initial  cost  (e.g., 
$359  for  the  Amazon  Kindle  and 
about  $300  for  the  Sony  Reader). 
Will  this  be  the  product  that  makes 
paper  obsolete?  Well,  maybe. 

Make  Your  Pet  a 
Photographer 


■ The  Pet's 
Eye  View 
camera  turns 
your  dog  or 
cat  into  a 
photographer. 
Courtesy  of 
Uncle  Milton. 


This  month's  Ill-Conceived  Gadget 
award  goes  to  Uncle  Milton 
(www.unclemilton.com),  which 
appears  to  be  responsible  for  the 
Pet's  Eye  View  camera.  It's  basically 
just  a standard  toy  digital  camera, 
offering  640  x 380  resolution  for 
4 x 6 in  prints  and  underwhelming 
storage  capacity  of  about  35  photos. 
But  the  twist  is  that  you  can  hang  it 
from  your  dog  or  cat's  collar  and  set 


the  timer  to  take  a photo  every  one, 
five,  or  fifteen  minutes,  thus  allowing 
you  to  see  the  world  from  your  pet's 
point  of  view. 

Is  this  a good  idea?  If  I attached  it 
to  my  dog,  I'm  pretty  sure  the  result 
would  consist  mostly  of  pix  of  (1 ) 
garbage  cans,  (2)  rotting  road  kill,  and 
(3)  the  posteriors  of  other  dogs. 

Come  to  think  of  it,  maybe  35  photos 
is  plenty.  Anyway,  you  can  get  one 
for  a suggested  retail  price  of  $49.99. 

New  Robotics  Curriculum 

In  a move  intended  to  "spur  greater 
interest  in  science,  technology, 
engineering,  and  math  (STEM) 
across  the  globe,"  Innovation  First, 
Inc.  (www.innovationfirst.com),  and 
Autodesk,  Inc.  (www.autodesk.com), 
have  teamed  up  to  offer  a new 
robotics  curriculum  package.  It  is  pri- 
marily intended  for  classroom  use, 
but  it  includes  some  features  that 
should  make  it  appealing  to  the 
home  hobbyist,  as  well.  Autodesk 
has  been  around  for  years,  providing 
2D  and  3D  design  software  to 
manufacturing,  construction,  and 
other  markets,  and  its  contribution  is 
based  on  the  Autodesk  Inventor 
package,  which  is  used  by  many 
professional  robotics  engineers. 

Innovation  First  is  kicking  in 
its  VEX  Robotics  system,  which  is 


Time  to  show  those  plug-in  dangly  icicle- lights  how  it's  done. 

Make  a build -it- yourself  solar-powered  lantern. 

Take  that r dangly  icicle- lights! 


- The  PUMM-LANTERN  stores  up 
power,  and  activates  in  the  evening 
, with  a pleasing  hi -colored  'PUMjviw, 


$30.00  ea 

Each  lantern  has  unique  art! 
(custom  patterns  available) 
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already  used  in  more  than  2,000 
classrooms.  The  result  is  the  new 
VEX  Classroom  Lab  Kit,  which 
"provides  a custom  solution  for 
robotics  education  that  is  flexible 
enough  to  be  applied  at  multiple 
grade  levels,  including  secondary  and 
post-secondary."  The  basic  $699 
package  contains  a set  of  1 7 units, 
each  of  which  contains  a separate 
lesson,  concept,  and  activity.  For  a list 
of  included  hardware  and  options, 
visit  www.vexrobotics.com/vex- 
education.shtml.  NV 


INDUSTRY  AND 
THE  PROFESSION 

Green  Energy  Research 
Center  Launched 

Aiming  to  "facilitate  the  use  of 
green  energy  sources,  reduce  the 
environmental  impact  of  carbon 
emissions,  and  alleviate  the  growing 
energy  crisis,"  the  National  Science 
Foundation  (www.nsf.gov)  has 
awarded  $18.5  million  to  North 
Carolina  State  University 
(www.ncsu.edu)  and  its  partners  to 
establish  a new  NSF  Engineering 
Research  Center  (ERC).  It  will  be  the 
first  of  five  third-generation  ERCs, 
each  of  which  will  embrace  "new 
dimensions  designed  to  speed  the 
innovation  process  and  prepare 
engineering  graduates  who  are 
innovative,  creative,  and  understand 
how  to  function  in  a global  economy 
where  engineering  talent  is  broadly 
distributed  throughout  the  world." 
(Translation:  Hold  meetings,  generate 
a slew  of  position  papers,  and  have 
some  really  great  lunches.)  Dubbed 
the  NSF  ERC  for  Future  Renewable 
Electric  Energy  Delivery  and 
Management  (yes,  FREEDM),  it  will 
conduct  research  on  how  to  modify 
the  nation's  power  grid  so  as  to 
integrate  alternative  energy 
generation  and  novel  storage 
methods  into  the  existing  network. 
The  project  includes  more  than  65 
industry  partners,  18  state  and  local 
government  organizations,  and  about 
nine  other  universities  and  institutes. 
Results  are  expected  in  five  years. 
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ROBOBENCH:  Putting  the  CrustCrawler 

AX-1 2+  "Smart  Arm"  to  Work 


IT'S  INEVITABLE.  When  working  on  a project  at  your  workbench,  at  some  point 
you'll  wish  that  you  had  a third  hand.  When  you're  holding  together  two  parts 
that  need  to  be  soldered  or  you  need  a screwdriver  but  you  don't  want  to  take 
your  eyes  off  of  some  small  parts  to  reach  for  it,  an  extra  hand  would  be  awfully 
uhm  ...  "handy."  In  response  to  this  need,  the  industry  has  developed  all  sorts 
of  "third  hand"  devices  such  as  the  alligator  clip  "helping  hands"  sold  by 
RadioShack  (Figure  1)  or  specialized  vises  such  as  the  ones  sold  by  PanaVise 
(Figure  2). Though  these  tools  each  do  their  jobs  very  well,  it's  up  to  you  to  do  the 
(re)positioning  any  time  you  want  to  have  your  item  at  a different  orientation. 


Just  a short  while  ago,  some  robot 
enthusiasts  and  I went  to  see  the 
movie  Iron  Man.  The  hero  of  the 
story  had  a pair  of  autonomous,  intel- 
ligent, mobile  robot  arms  that  would 
assist  him  by  holding  lights  and  hand- 
ing him  tools  as  he  worked.  In  one 
scene,  the  arm  is  intelligent  enough 
to  know  where  to  hold  a magnifying 
glass  to  help  the  hero  build  part  of 
his  suit  (Figure  3)  by  simply  observing 
the  human  and  discerning  his  needs. 
Though  we  obviously  have  a long 


■ FIGURE  1. 
RadioShack 
"Helping  Hands." 


way  to  go  before  we  get  to  the  level 
of  robotic  helpers  depicted  in  science 
fiction  movies  such  as  this,  it  made 
me  wonder  how  far  off  a useful 
robotic  bench  accessory  was.  For 
example,  would  it  be  possible  to 
re-purpose  a hobby-level  robotic  arm 
to  "earn  its  keep"  by  helping  out  on 
our  workbenches? 


CHILD'S  PLAY 

The  first  robot  arm  I owned  was 


■ FIGURE  2.  PanaVise 


the  venerable  RadioShack  "Armatron" 
(Figure  4),  purchased  in  the  early 
1980s.  When  I got  it  home  and  (of 
course)  disassembled  it,  I was  both 
impressed  and  a bit  disappointed. 
Turns  out  the  Armatron  used  a 
compact  (and  complex!)  plastic  gear 
box  with  a single  motor  to  drive  all 
the  motions  of  the  arm.  The  two  joy- 
sticks mechanically  engaged  different 

■ FIGURE  3.  Robert  Downey  Jr.  as 
"Tony  Stark"  in  the  Paramount 
feature  film  Iron  Man.  Photo 
Copyright  © Paramount  Pictures. 
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gear  trains  with  the  constantly 
spinning  motor,  causing  the  various 
joints  of  the  arm  to  move.  Though 
ingenious  in  design,  it  wasn't  very 
"hackable"  since  there  were  no 
individually  addressable  motors  to 
control.  Today,  most  robot  arms  you 
see  for  sale  in  electronics/robotics 
hobby  magazines  are  composed  of 
some  plastic  or  metal  parts  and  a 
handful  of  model  aircraft-type  servo 
motors.  From  a hacking/programming 
perspective,  this  is  a big  step  up  from 
the  Armatron  single  motor  approach. 

Most  of  these  robot  arms  are 
quite  useful  for  teaching  robotic  and 
automation  concepts.  They  do  a good 
job  of  introducing  the  subject  and 
showing  someone  just  how  complicated 
a simple  human  task  such  as  "hand  me 
the  TV  remote"  can  be  for  a robot. 
I've  seen  these  "educational"  robotic 
arms  used  to  teaching  the 
computational  complexity  involved 
in  stacking  small  wooden  blocks  or 
moving  disks  to  solve  the  "Tower  of 
Hanoi"  puzzle.  Yet,  I had  not  seen 
one  employed  doing  real  work  in  a 
real  workbench  environment.  Could 
it  be  that  a sufficiently  powerful 


and  accurate  arm  just  wasn't 
available  yet? 


ENTER  THE 
CRUSTCRAWLER! 

When  CrustCrawler  announced 
the  AX-1 2+  intelligent  arm,  I remem- 
ber reading  reports  of  its  strength 
and  accuracy.  More  importantly,  the 
arm  used  the  Dynamixel  servo  motors 
that  had  real  feedback  capabilities. 
This  would  make  it  possible  to  attain 
new  levels  of  accuracy  when  using 
the  arm  since,  unlike  a standard 
hobby  servo,  it  can  determine  if  the 
arm  had  actually  reached  a position. 
With  these  advanced  features,  I 
wondered  if  the  AX-1 2+  SmartArm 
would  be  able  to  do  real  work  like 
the  commercial  robotic  arms  used  in 
manufacturing.  Could  it  hand  me 
tools?  Could  it  hold  a printed  circuit 
board  (PCB)  while  I was  soldering? 
The  more  I thought  about  it,  the 
more  I began  to  wonder  why  not? 

I began  to  catalog  the  various 
tasks  that  I might  need  the  arm  to 
perform.  Using  it  while  constructing 
devices  was  the  first  thing  that 
came  to  mind.  Holding  parts  or 
fetching  the  right  tool  seemed 
useful,  as  well.  Need  a #2 
Phillips?  The  arm  can  hand  it  to 
you.  Need  someone  to  hold 
these  parts  while  you  solder 
them?  The  arm  can  do  that 
AND  it  won't  burn  its  fingers! 
The  possibilities  seemed 
endless.  All  I would  need  was 
a CrustCrawler  AX-1 2+  to 
experiment  with. 


HEY  BUDDY,  CAN  YOU 
SPARE  AN ...  ARM? 

I spoke  with  my  top-secret 


■ FIGURE  6.The  USB2Dynamixel 
USB  toTTL/RS-485  adapter. 
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contacts  over  at  Nuts  & Volts  and 
gave  them  the  broad  outlines  of  the 
idea  I had  and  asked  if  they  thought 
CrustCrawler  might  be  interested 
in  this  experiment.  I told  them  I 
thought  the  AX-1 2+  would  be  the 
perfect  candidate  for  testing  out  the 
idea  of  a useful  bench-top  robot 
arm.  They  put  me  in  touch  with  Alex 
Dirks  over  at  CrustCrawler,  Inc.,  and 
he  was  happy  to  send  an  arm  out 
for  torture  ...  er  ...  experimentation. 

I dug  through  the  CrustCrawler 
website  and  examined  all  the  various 
configurations  at  length.  I finally  sent 
off  a wish-list  to  Alex  of  the  parts  I 
thought  I would  need  and,  before 
I knew  it,  I had  a bouncing  baby 
cardboard  box  on  my  porch.  Time 
to  build! 


"SOME  ASSEMBLY 
REQUIRED" 


When  I opened  the  AX-1 2+ 
box,  I was  delighted  to  see  little 
bags  of  clearly  labeled  parts  and  a 
nice  thick  detailed  manual.  Other 
than  some  typical  hand  tools,  the 
only  thing  I had  to  supply  was  the 
Loctite  liquid  to  lock  down  the 
screws  so  they  don't  wiggle  loose 
during  use  of  the  arm  (good  practical 
advice  that  was  stated  right  at  the 
front  of  the  manual).  The  arm  went 
together  in  a couple  of  fun  evenings 
in  no  small  part  due  to  that  very  nice 
thick  guide! 

Now  that  I had  the  arm  all 
together,  I was  ready  to  get  it  to 
move.  Besides  the  AX-1 2+  itself,  the 
package  from  Alex  included  a cool 
little  interface  box  called  the  CM-5 
(Figure  5)  and  the  USB2Dynamixel 
unit  (Figure  6).  The  CM-5  is  a 
record/playback  device  that  can  be 
used  to  play  sequences  of  moves. 

It  also  houses  a rechargeable 
battery  pack  to  allow  portable  use 
of  the  arm  and  is  recharged  with 
the  included  hefty  12V,  five  amp 
power  supply. 

To  program  the  arm,  you 
connect  your  PC  to  the 
USB2Dynmixel,  connect  a three-pin 
cable  from  the  USB2Dynamixel  to 
the  CM-5  unit,  then  connect  another 
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three-pin  cable  from  the  CM-5  to  the 
Dynamixel  servo  in  the  arm's  base. 
Once  the  connections  above  are 
established,  you  connect  the  12V 
supply  to  the  CM-5  and  you're  ready 
to  go.  I started  out  using  the  Robotis 
"motion  editor"  software  that  comes 
with  the  CM-5.  Though  the  software 
is  fairly  intuitive,  I found  it  a bit 
cumbersome  to  use.  It  appears  to 
have  been  designed  with  the 
"Bioloid"  plastic  models  in  mind. 
Sadly  (at  the  time  of  this  writing), 
there  was  no  "template"  for  my 
nice  new  all-metal  AX-12+,  making 
positioning  the  joints  a bit  tough 
for  me. 


TIME  FOR  SOME  GNU 
SOFTWARE 


While  digging  around  for  demo 
sequences  on  the  CrustCrawler 
website,  I discovered  a link  to  the 
"AX-1 2+  Arm  Sample"  project  by 
Scott  Ferguson.  Scott's  code  allows 
you  to  map  joystick  controls  to  the 
various  AX-1 2+  joints  and  then 
"puppet"  the  arm.  Once  you  move 
the  arm  into  a position,  you  can 
record  the  joint  values  as  a "pose" 
and  then  step  forward/backward 
through  these  poses.  This  is  very 
similar  to  the  "teaching  pendants" 
that  many  commercial  robot  arms 
use  to  create  their  processes.  To  top 
it  off,  Scott  released  the  software 
under  the  GNU  public  license  so  all 
the  source  code  is  available,  as 
well  (this  would  come  in  handy 
down  the  road!). 

This  software  looked  very 
promising,  however  it  was  designed 
to  communicate  directly  with  the 
Dynamixel  servos  and  would  not  talk 
to  them  through  the  CM-5.  I would 
have  to  remove  the  CM-5  from  the 
communication  chain  in  order  to  get 
Scott's  software  to  work.  Though 
this  would  be  fairly  simple  to  do,  it 
would  leave  me  without  a power 
source  for  the  arm  as  the  CM-5  was 
handling  converting  the  12V  from 
the  supply  down  to  the  acceptable 
9.6V  voltage  levels  required  by  the 
servos.  As  a quick  and  dirty  solution, 

I took  one  of  the  extra  three-pin 


cables  and  spliced  a 2.1  mm  power 
connector  into  it  and  included  four 
high-current  diodes  in  series  to  drop 
the  12V  from  the  supply  down  to  a 
voltage  that  would  not  exceed  the 
10V  maximum  rating  of  the  servos 
(Figure  7). 


■ FIGURE  7.  Four  high-current 
diodes  wired  in  series  to  drop  the 
12V  power  source. 

repositioning  the  mechanical  "helping 
hands"  I normally  used  for  this  task. 


FLIP  IT!  FLIP  IT  GOOD! 


GET  A GRIP! 

I booted  up  Scott's  software  and 
mapped  an  old  joystick  to  the  various 
joints  of  the  AX-1 2+  and,  in  a matter 
of  minutes,  was  moving  the  arm  all 
around  the  desk.  A word  of  warning 
for  those  of  you  that  may  end  up 
with  this  arm:  it  is  strong!  I've 
knocked  things  off  my  workbench, 
dumped  over  a perfectly  good  can 
of  Dr.  Pepper,  put  a nice  nick  in  the 
corner  of  my  LCD  monitor,  and  one 
time  I even  managed  to  smack  myself 
right  in  the  funny  bone!  If  you  are 
using  the  joystick  to  control  the  arm, 
use  caution  and  make  sure  breakable 
things  are  not  in  its  path.  Don't  learn 
this  the  hard  way  like  I did! 

Now  that  I had  the  arm  in  place 
(and  a bandage  on  my  elbow!),  I 
was  finally  ready  to  try  some  work 
experiments.  I started  with  a task 
that  was  both  repetitive  and  fairly 
common,  namely  holding  a PCB  for 
soldering.  When  I build  through-hole 
PCBs,  I have  to  flip  the  board  back 
and  forth  between 
solder-side  and 
component-side  as  I 
stuff  components  and 
then  solder  them  into 
place.  I wanted  to  see 
if  the  arm  could 
do  this  for  me  to 
eliminate  the  time 
spent  manually 

■ FIGURE  8. 

TheAX12  Arm 
Controller  software 
by  Scott  Ferguson. 


I started  by  using  the  joystick  to 
maneuver  the  arm  into  a braced  posi- 
tion with  the  elbow  joint  resting  at 
the  end  of  its  travel,  then  I moved  the 
shoulder  joint  so  that  it  was  holding 
the  gripper  at  a comfortable  angle  for 
soldering.  I then  fully  opened  the 
gripper  and  named  this  pose  "Release 
Board."  Next,  I brought  the  gripper 
completely  shut  and  named  this  pose 
"Grip  Board."  I executed  the  Release 
Board  pose,  placed  a small  project 
board  in  the  gripper's  range,  and  exe- 
cuted the  Grip  Board  pose.  The  gripper 
took  a nice  strong  hold  of  the  board. 

I now  used  the  joystick  to  rotate  the 
wrist  joint  so  the  board  was  solder 
side  up  and  named  this  pose  "Solder 
Side."  Lastly,  I rotated  the  wrist  so  the 
component  side  was  up  again  and 
named  this  pose  "Component  Side." 

So  now,  with  a click  of  a mouse  I 
could  have  the  arm  grab  a PCB  and 
hold  it  while  I used  two  hands  to 
install  a component  on  it  (Figure  9), 
then  another  couple  of  clicks  flipped 
the  board  over  so  I could  use  both 
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■ FIGURE  9.  Placing  components  into  a PCB  held  by  the 
AX- 12+  Smart  Arm. 


■ FIGURE  10.  Soldering  components  into  place  while  PCB 
is  held  steady  by  AX-1 2+. 


■ FIGURE  11.  AX-1 2+  gripper  open,  ■ FIGURE  12. The  AX-12+  gripper  clamps 

ready  to  reach  for  the  solder  vac.  down  on  the  solder  vac. 


■ FIGURE  13.  A slight  tug  removes 
the  solder  vac  from  the  AX-1 2+ 
gripper. 


hands  to  solder  on  it  (Figure  10). 

This  process  was  so  deceptively  easy 
and  the  result  so  useful  that  I just 
swaggered  on  to  the  next  task! 


WHEN  UNSTOPPABLE 
OPTIMISM  MEETS 
UNMOVABLE  REALITY 

The  rumble  you  felt  and  that 


distant  screaming  sound  wasn't  an 
earthquake,  it  was  just  my  ambitious 
ideas  coming  in  direct  contact  with 
reality.  With  the  board  flipping  function 
under  my  belt,  I decided  to  take  things 
up  a notch  and  see  about  having  the 
arm  hand  me  one  of  the  other  more 
popular  and  useful  devices  on  my 
workbench:  a solder  vac. 

I started  by  placing  a spool  of 
hookup  wire  on  the  bench  and  then 
placing  the  solder  vac  in 
the  center  of  the  spool 
to  hold  it  upright  where 
it  could  be  easily  gripped 
by  the  arm.  I then  used 
the  joystick  to  move  the 
arm  through  the  series  of 
poses  as  I had  done 

■ FIGURE  14.  Foot  pedal 
control  expected  to  add 
hands-free  control  to  the 
AX-1 2+  motions. 


above,  naming  them  "Open  Gripper" 
(Figure  1 1),  "Fetch  Solder  Vac" 
(Figure  12),  and  "Offer  Solder  Vac" 
(Figure  13).  I then  placed  the  solder 
vac  back  in  the  spool  and  executed 
the  Open  Gripper  and  the  Fetch 
Solder  Vac  routines.  Unfortunately, 
the  gripper  missed  the  vac  and 
ended  up  dumping  the  spool  over! 

A bit  (okay,  more  like  hours) 
of  experimentation  later  and  I 
discovered  that  to  reliably  retrieve 
the  solder  vac,  I would  have  to  make 
a much  more  accurate  resting  spot 
for  it.  Since  the  arm  was  reliably 
repeating  the  positions  I had 
recorded,  the  solder  vac  had  to  be 
at  the  same  angle  and  height  every 
time  or  there  was  a good  chance  the 
arm  would  miss. 

Logically,  this  also  meant  that 
any  tool  I wanted  to  have  the  arm 
handle  would  have  to  be  equally  well 
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THANK  YOUS 

■ I would  like  to  take  a moment  to  thank  the  good  folks 
over  at  CrustCrawler  for  providing  this  most  excellent 
robotic  arm  for  use  in  the  project.  Nuts  & Volts  Magazine 
for  helping  set  it  up,  and  Paul  Atkinson  and  James 
Delaney  for  their  invaluable  assistance  with  this  project. 


situated.  Could  be  this  "hand  me  a tool"  business  is  a bit 
trickier  than  I had  imagined!  I sat  back  and  started  to  think 
about  how  I could  make  sure  the  robot's  environment 
would  be  as  reliable  as  the  arm  itself. 


Going  Wireless  is  Easv! 


Fourier  Data  Loggers 

• New  ZigBee  Wireless  Data  Logging 
• Intelligent  No  Data  Loss  Transmission 
* Portable  Long  Range  Units 


Smallest  RS232  Bluetooth 
Cable  Replacement  on  the  market 


- I 


* 


Industrial 

Bluetooth" 

• RS232  Cable  Replacement 
• Long  Range 
• Low  Cost 


f E L Q www.lemosint.com 

fcfclflVW  1-866-345-3667 

INTERNATIONAL  sales@lemosint.com 


SAME  BAT  TIME,  SAME 
BAT  CHANNEL! 


Luckily,  I've  got  tough  calluses  on 
my  ambition  and  I was  able  to  pull 
myself  from  the  wreckage  of  first 
contact  and  continue  on  my  quest 
for  a robotic  helping  hand  on  my 
bench.  I've  managed  to  sweet-talk 
one  of  my  regular  roboteers  into 
helping  write  some  software  to  allow 
foot-pedal  control  of  the  arm  (Figure 
14)  and  another  one  to  help  me  build 
a "tool  gallery"  to  hold  the  tools 
exactly  where  the  arm  can  find  them. 

Look  for  all  the  details  of  my 
continuing  quest  for  a helping  hand 
at  the  workbench  in  ROBOBENCH  — 
Part  2!  As  always,  if  you  have  any 
questions  or  comments,  I can  be 
reached  at  vern@txis.com.  NV 


RESOURCES 

■ CrustCrawler  (AX-12  Smart  Arm 
Source)  — www.crustcrawler.com 

■ Forest  Moon  Productions  (GNU 
Smart  Arm  software)  — www.f orest 
moon.com/Software/AX1 2ArmSample/ 


READY , SET,  CO ... 
get  your  dream  job! 

Be  an  FCC  Licensed 
Wireless  Technician! 

Make  $100,000  a year 
with  NO  college  degree 


Learn  Wireless  Communications  and  get  your 
"FCC  Commercial  License"  with  our 
proven  Home-Study  Course! 

• No  need  to  quit  your  job  or  go  to  school. 

• This  course  is  easy,  fast  and  low  cost. 

• No  previous  experience  needed! 

• Learn  at  home  in  your  spare  time! 


Move  to  the  front  of  the  employment  line  in  Radio-TV, 
Communications,  Avionics,  Radar,  Maritime  and  more... 
even  start  your  own  business!  i“e“d"orc6MMyTNDPRODua7oNs“ 

Call  now  for  FREE  info: 

1-800-932-4268 

ext.  209 

Or,  email  us:  info@LicenseTraininq.com 
www.LicenseTraining.com 


I Warren  Weagant's  FCC  License  Training 

| P.O.  BOX  3000,  DEPT.  209  • SAUSALITO,  CA  94966 
I Please  rush  FREE  details  immediately! 


I CITY/STATE/ZIP:  _ 


You  may  fax  your  request  to:  415-332-1901 
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Mini-Kits.. 


gjk  m a hiss?  ntu 

Passive  Aircraft  Monitor  High  Power  LED  Strobe  Personal  Guitar  Amp 


Most  popular  new  kit  ever! 

Our  patented  circuit  monitors  the 
entire  aircraft  band  without  any 
tuning!  Passive  design  has  no 
radiation,  no  interference,  for  use 
onboard  aircraft  to  listen  to  air  to 
ground!  Great  for  air  shows  to 
listen  to  the  active  planes! 

ABM1  Airband  Monitor  Kit  89.95 


ECG  Heart  Monitor 


Super  bright  LED's! 

The  fragile  glass  Xenon  tube  is 
gone,  replaced  with  high  intensity 
LED's!  Variable  flash  rate  and 
built-in  audio  trigger  input  to  sync 
to  your  audio.  Optional  display 
boards  available.  Runs  on  12VDC 
or  use  our  AC125  PS. 

LEDS1C  LED  Strobe  Kit  44.95 


Plasma  Generator 


Practice  in  peace! 

The  new  PGA1  allows  you  to 
practice  both  your  regular  and 
base  guitars  in  peace!  Also  works 
as  a great  Dl  to  feed  your  home 
stereo  amplifier!  CD/MP3  input 
allows  you  to  play  to  your  favorite 
music.  Includes  case  shown! 

PGA1  Guitar  Amp  Kit  64.95  | 


HV  Ion  Generator 


Check  your  own  heart! 

Provides  a visible  and  audible  dis- 
play of  your  heart  rhythm! 

Variable  gain,  bright  /7beat"  LED, 
and  monitor  output  for  display  on 
your  scope.  Just  like  the  lab!  Re- 
usable sensors  are  included. 

Runs  on  a safe  9VDC  battery. 

ECG  1C  ECG/EKG  Kit  44.95 


Generate  2"  sparks! 

Produces  a stunning  and  shocking 
25kV  at  20kHz  from  a solid  state 
circuit!  Build  your  own  plasma 
bulbs,  light  fluorescent  tubes 
without  wires  and  more!  A great 
learning  kit.  Runsonl6VAC, 
order  our  PS21  power  supply. 

PG13  Plasma  Gen  Kit  64.95 


Make  a blast  of  fresh  air! 

Generates  a steady  state  DC  volt- 
age at  constant  non-pulsed  cur- 
rent at  7.5kV  DC  negative,  400uA. 
That's  a LOT  of  ions!  Learn  how 
modern  spacecraft  use  ions  to 
accelerate  through  space.  Runs 
on  12VDC  or  our  AC125  PS. 

IG7  Ion  Gen  Kit  64.95 


20W  SubMini  Audio  Amp  Digital  Voice  Storage  Speed  Padar  Gun 


20  watts  and  no  heat! 

Delivers  a super  clean  20W  out- 
put from  one  SMT  package!  Ultra 
efficient  class  D design  produces 
no  heat.  PCB  can  be  snapped 
into  a small  circle  for  special 
applications.  Runs  on  18VDC  for 
rated  output,  use  our  SPS18  PS. 

UAM2  20W  SMT  Amp  Kit  54.95 


Multiple  message  storage! 

The  Bullshooter-ll  provides  up  to 
8 minutes  of  digital  voice  storage 
that  can  be  broKen  down  into  8 
separate  stored  messages!  Great 
for  announcements,  etc.  Built-in 
mic  plus  external  input.  Runs  on 
12VDC  or  our  AC125  PS. 

BS2C  Bullshooter-ll  Kit  69.95 


Doppler  Direction  Finder  40W  Stereo  Micro-Amp  Signal  Magnet  Antenna 


Find  that  transmitter  quick! 


Track  down  jammers  and  hidden 
transmitters  with  ease!  22.5 
degree  bearing  indicator  with 
adjustable  damping,  phase  inver- 
sion, scan  and  more.  Includes  5 
piece  antenna  kit.  Runs  on 
12VDC  vehicle  or  battery  power. 

DDF1  Dir.  Finder  Kit  169.95 


40  watts  of  stereo  in  2W‘ 7 

The  big  brother  to  the  UAM2,  it 
delivers  40W  of  crisp  clear  stereo 
power  all  in  a 2'/z"  board!  One 
single  SMT  device  operating  87% 
efficient  creates  virtually  no  heat! 
Selectable  gain,  pop  filter  and  a 
lot  more!  Runs  on  10-1 8VDC. 


UAM4  40W  SMT  Amp  Kit  69.95 


Pulls  in  distant  stations! 

Super  Hi-Q  ferrite  rod  antenna 
with  Faraday  shield  eliminates 
noise  from  power  lines,  dimmers, 
static  and  more!  Great  results 
from  500kHz  to  15MHz.  Super 
for  AM  broadcast  band!  Includes 
power  supply. 


SMI 00  Sig  Magnet  Kit  89.95 


Now  YOU  can  be  the  cop! 

Our  famous  Speedy  radar  gun 
teaches  you  doppler  effect  the 
fun  way!  Digital  readout  displays 
in  MPH,  KPH,  or  FPS.  1 /8th  mile 
range  is  typical.  You  supply  two 
coffee  cans!  Runs  on  12VDC  or 
our  AC  125  power  supply. 

SG7  Speedy  Radar  Kit  59.95  | 


LED  Animated  Santa 


Animated  Santa  and  reindeer 
display  has  126  dazzling  col- 
ored LEDs!  Makes  a great  hol- 
iday sign!  Animated  motion 
makes  it  come  alive.  Runs  on  standard  9V  battery 
or  external  power  supply. 

MK116  LED  Santa  Kit  $17.95 


LED  Christmas  Tree 


Electronic  Christmas  tree  features  134 
bright  colored  LEDs  in  the  shape  of  a 
I tree  with  18  random  flashing  blinking 
I "candles"!  Runs  on  a 9V  battery  or  PS. 

MK1 17  LED  Christmas  Tree  Kit 


LED  Animated  Bell 


This  holiday  bell  is  animated  to 
simulate  swinging  back  and  forth! 
84  bright  colored LEDs  will  dazzle 
you  with  holiday  cheer!  Includes 
an  on/off  switch.  Runs  on  9V. 


$18.95 


| MK122  LED  Bell  Display  Kit 


$16.95 


3D  LED  Christmas  Tree 


Not  your  average  LED  display!  4 branch 
sections  give  this  tree  a 3D  look!  16  red 
LEDs  light  it  up  with  yellow  LED's  for  you 
to  customize  your  tree!  9V  battery  base. 

MK130  3D  LED  Tree  Kit 


$7.95 


SMT  LED  Christmas  Tree 


Build  this  subminiature  Christmas  tree 
and  learn  SMT  at  the  same  time.  Small 
enough  to  wear  as  a badge  or  pen- 
dant! Extra  SMT  parts  are  included  so 
you  can't  go  wrong!  Runs  on  Li-Ion  cell. 

MK142  SMT  LED  Tree  Kit 


$10.95 


SMT  LED  Smiley  face 


This  is  a great  attention  grabber  and 
also  teaches  you  the  basics  of  SMT 
construction!  Display  your  "smiley"  as 
a pin  or  badge!  Extra  parts  included! 

MK141  SMT  LED  Smil^Kit 


0 0 


T*. 


$9.95 


LED  Traffic  Signal 


Impress  your  friends  with  this  neat  4-way 
traffic  signal!  Operates  just  like  a standard 
signal,  and  features  adjustable  delay.  Red, 
yellow,  and  green  LEDs  are  used  just  like 
the  real  thing!  Runs  on  9V  battery. 

MK131  LED  Traffic  Signal  Kit 


$7.95 


LED  Switcher  Blinky 


Run  a 3V  LED  from  1.5V!  Learn 
power  supply  switching  and  end 
up  with  a super  bright  olue  Telux 
LED  blinking  at  140kHz!  Runs  on 
single  AA  battery  not  included. 

LSW1  LED  Switcher  Blinky  Kit 


$14.95 


Wheel  Of  Fortune 


I Just  like  the  casino  game!  Just  push 
the  button  and  the  LEDs  "rotate" 
and  slowly  come  to  a stop,  display- 
ing the  "winner"!  Push  it  again  to 
start  over.  Runs  on  9V  battery. 

MK1 52  Wheel  Of  Fortune  Kit 


$7.95 


Cable  Polarity  Checker 


You  get  a home  theatre  system  for  the  holi- 
days, you  run  cables  throughout  the 
house,  how  do  you  identify  polarity?  It's 
easy  with  the  MK132! 


Did  You  Know. 


• •• 


✓ It's  impossible  to  give  you  full  specs  on  these  products 
in  a I " space! 

✓ A lot  of  our  kits  are  also  available  "factory  assembled 
and  tested"  if  you  don't  want  to  build  it! 

✓ We  have  over  350  products  currently  available,  and 
all  those  don't  fit  here! 


Tha  Qnhttinnf  Ylsltwww.ramseykits.com 

fin*  OUIUIIC/II.  Ftee  Giveaways  and  ALL  the 


Cable  Polarity  Checker  Kit 


fwi 


ater  Sensor  Alarm 


The  sump  pump  quits,  the  snow  melts, 
the  basement  floods!  Don't  let  it  happe 


the  basement  floods!  Don't  let  it  happen 
with  the  simple  water  sensor  alarm.  9V 
battery  operation  with  remote  sensor. 

MK108  Water  Sensor  Alarm  Kit 


Information  you  ever  needed! 


FM  Broadcasters 

fun  Stuff  for  The  Holidays! 


Digital  FM  Stereo 
Transmitters 


| ✓ Rock  stable  PLL  synthesized 
✓ Front  panel  digital  control  and 
display  of  all  parameters! 

I ✓ Professional  metal  case 
| ✓ Super  audio  quality! 

' 25mW  and  1 W models! 

For  nearly  a decade  we've  been  the  leader  in  hobbyist  FM  radio  transmitters.  We 
told  our  engineers  we  wanted  a new  technology  transmitter  that  would  provide 
FM100  series  quality  without  the  advanced  mixer  features.  They  took  it  as  a chal- 
lenge and  designed  not  one,  but  TWO  transmitters! 

The  FM30  is  designed  using  through-hole  technolo- 
gy and  components  and  is  available  only  as  a do-it- 
yourself  kit  with  a 25mW  output  very  similar  to  our 
FM25  series.  Then  the  engineers  redesigned  their 
brand-new  design  using  surface  mount  technology 
(SMT)  for  a very  special  factory  assembled  and  test- 
ed FM35WT  version  with  1 W output  for  our  export 
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only  market!  Both  are  designed  around  an  RF tight 
vinyl  clad  metal  enclosure  for  noise  free  and  inter- 
ference free  operation.  All  settings  are  done 
through  the  front  panel  digital  control  and  LCD  dis- 
play! All  settings  are  stored  in  non-volatile  memory 
for  future  use. 


Both  the  FM30  and  FM35WT  operate  on  13.8  to  16VDC  and  include  a 15VDC 
plug-in  power  supply.  The  stylish  black  metal  case  measures  5.55"W  x 6.45"D  x 
I 1 .5"H.  (Note:  After  assembly  of  this  do-it-yourself  hobby  kit,  the  user  is  responsible  for 
I complying  with  all  FCC  rules  & regulations  within  the  US,  or  any  regulations  of  their 
I respective  governing  body  FM35BWT  is  for  export  use  and  can  only  be  shipped  to 
locations  outside  the  continental  US  or  valid  APO/FPO  addresses  or  valid  customs  bro- 
kers for  end  delivery  outside  the  continental  US.) 


I FM30B  Digital  FM  Stereo  Transmitter  Kit,  0-25mW,  Black 
FM35BWT  Digital  FM  Stereo  Transmitter,  Assembled,  1W,  Black 


5199.95 

5299.95 


Professional  Synthesized 
Stereo  FM  Transmitter 


✓ Fully  synthesized  88-108  MHz  for 
no  frequency  drift 

✓ Line  level  inputs  and  output 

✓ All  new  design  using  SMT  technology 

Need  professional  quality  features  but  can't  ju 
tify  the  cost  of  a commercial  FM  exciter?  The 
FM25B  is  the  answer! 

A cut  above  the  rest,  the  FM25B  features  a PIC  microprocessor  for  easy  fre- 
quency programming  without  the  need  for  look-up  tables  or  complicated  formu- 

a 

signal  rock  solid  all  the  time  - just 
I like  commercial  stations.  Kit  comes  complete  with  case  set,  whip  antenna,  120 
VAC  power  adapter,  1/8"  Stereo  to  RCA  patch  cable,  easy  assembly  instructions, 
and  the  SMT  parts  are  factory  preassembled  - you'll  be  on  the  air  quick! 

| FM25B  Professional  Synthesized  FM  Stereo  Transmitter  Kit  5139.95  | 


Tunable  FM  Stereo 
Transmitter 


✓ Tunable  throughout  the  FM  band, 

88-108  MHz 

✓ Settable  pre-emphasis  50  or  75  pSec 
for  worldwide  operation 

✓ Line  level  inputs  with  RCA  connectors 

The  FM10C  has  plenty  of  power  to  cover  your  home,  back- 
yard, or  city  block.  You'll  be  amazed  at  the  exceptional  audio 
quality  of  tne  FM10C.  Tunes  through  the  entire  88-108MHz  band.  Re-broadcast 
your  favorite  music  commercial  free  and  with  the  dynamic  range  the  musician 
intended  without  all  that  nasty  compression  the  big  boys  use  to  make  their  sta- 
tion sound  louder  than  the  competition.  Compression  produces  a noticeably 
muddier  and  less  dynamic  sound.  Runs  on  an  internal  9VDC  battery,  external  5- 
15VDC,  or  our  AC125  power  supply. 

Tunable  FM  Stereo  Transmitter  Kit  544.9! 

1 10VAC  Power  Supply  for  FM10C 


? Get  The  Catalog! 

^ Get  the  latest  2008  Ramsey  Hobby 
j Catalog!  7 72  value  packed  pages  of 
SGithe  neatest  goodies  around  with  lots  of 
" new  stuff!  Order  yours  today  on  line 
or  give  us  a call...  Or  download  the  PDF  at 
www.ramseykits.com/catalog! 


Integrated  Circuit  Radio  Labs 


✓ Learn  all  about  AM  and  FM 
radio  theory  and  circuits!! 

✓ Build  an  1C  based  radio  with 
great  reception! 

✓ Step-by-step  assembly  & test 
procedures! 

✓ Great  to  learn  about  IC's! 
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I These  Superhet  AM  and  AM/FM  radio  kits 
I give  you  a great  introduction  to  how  AM 
and  FM  radios  actually  work!  Plus,  they 
are  designed  using  integrated  circuits 
rather  than  standard  discrete  components. 

These  are  the  perfect  kits  to  learn  all 
about  1C  design,  theory,  and  troubleshoot-* 


AM/FM 


ing!  And  when  you're  done  you  have  an  AM  or  < 

AM/FM  radio  that  has  really  great  reception...that  you  made  yourself! 

IC's,  transistors,  resistors,  capacitors,  coils  and  other  parts  are  easily  identified  and 
described  in  theory.  The  comprehensive  manual  includes  step-by-step  assembly 
and  test  procedures  plus  complete  theory.  The  final  alignment  section  is  also  pro- 
vided to  make  sure  you  have  a great  sounding  receiver!  9V  battery  required. 


AMFM108K 

AM550K 


AM/FM  Integrated  Circuit  Radio  Learning  Kit 
AM  Integrated  Circuit  Radio  Learning  Kit 


534.95 

522.95 


OBDII  CarChip  Pro 


✓ Monitor  vehicle  performance  to  save  gas! 

✓ Stores  up  to  300  hours  of  trip  details! 

✓ Records  time,  date,  distance,  speed,  events 
and  up  to  4 separate  engine  parameters! 

✓ Records  extreme  acceleration  and  braking! 

✓ Automatic  accident  log,  records  the  last  20 
seconds  before  impact! 

✓ View  and  reset  engine  diagnostic  trouble  codes! 

✓ Test  for  preliminary  emissions  status! 


No  comments  are  necessary  about  the  cost  of  gas!  We 
saw  it  approaching  4 bucks  with  disbelief.  Then,  in  a 
blink  of  an  eye,  5 bucks  getting  close!  Now  there's  lim- 
ited availability  in  some  areas.  Will  it  ever  end?  Now 
it's  more  important  than  ever  to  make  sure  your  vehi- 
cle is  in  tip-top  shape  for  the  most  economical  per- 
formance possible. 

Did  you  know  old  spark  plugs  can  reduce  fuel  economy  by  30%?  It  gets  worse... 
a bad  oxygen  sensor  cuts  it  by  40%!  And  that  relates  to  a lot  of  extra  gas  and  at 
5 bucks  a gallon,  just  do  the  math...  That's  a LOT  of  money! 

access  to  all  your  vehicles  diagnostic 
(business,  personal  or  driver),  set 
gas  mileage,  log  extreme  acceleration  and  brak- 
ing, speed,  engine  parameters,  and  a whole  lot  more!  And  as  you  know,  extreme 
acceleration  does  not  equal  fuel  economy!  Find  out  who's  driving  your  vehicle 
like  a race  car...and  deal  with  it! 

The  CarChip  Pro  is  great  if  you  have  a new  driver  in  the  family.  Easily  monitor 
their  performance  and  let  them  gain  additional  privileges  with  a good  driving 
record!  You  have  the  proof! 

No  more  taking  your  car  in  to  see  why  your  "check  engine"  light  is  on.  The 
CarChip  Pro  will  automatically  provide  tne  trouble  codes  and  allow  you  to  reset 
it!  CarChip  Pro  includes  storage  for  up  to  300  hours  of  driving  data!  If  you're 
unfortunate  enough  to  be  involved  in  an  accident,  it  even  records  all  the  vehicle's 
parameters  for  the  last  critical  20  seconds  of  operation!  Includes  USB  cable,  soft- 
ware and  complete  instructions. 


8226 


Davis  OBDII  CarChip  Pro  Data  Logger 


599.95 


MORE  than  just  friendly  on-line  ordering! 

Clearance  Specials,  Ramsey  Museum,  User  Forums,  Dealer  Information,  FAQ’s,  FCC 
Info,  Kit  Building  Guides,  Downloads,  Live  Weather,  Live  Webcams,  and  much  more! 

www.ramseykits.com 

800-446-2295 


ramssu 

www.ramseykits.com 

590  Fishers  Station  Drive 
Victor,  NY  14564 
(800)  446-2295 
(585)  924-4560 


Where 

Electronics 
Always  Means 
Holiday  Fun! 


♦ Build  It! 

♦ Learn  It! 

♦ Achieve  It! 

♦ Enjoy  It! 


Prices,  availability,  and  specifications  are  subject  to  change.  According  to  Robin,  we're  not 
responsible  for  typos,  mistakes,  stupids,  and  over  indulgence  of  holiday  spirits,  and  she  writes  the 
rules!  Visit  www.ramseykits.com  for  the  latest  pricing,  specials,  terms  and  conditions. 
Copyright  2008  Ramsey  Electronics,  LLC...  so  there! 
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APPLICATIONS 

PUTTING  THE  SPOTLIGHT  ON  BASIC  STAMP  PROJECTS,  HINTS  & TIPS 


BY  JON  WILLIAMS 


SX/B  2.0 

About  four  years  ago,  Ken  Gracey  — the  crazy  cat  who  runs  Parallax  — decided 
that  it  would  be  a good  idea  to  provide  a free  BASIC  language  compiler  for  the 
SX  microcontroller  family.  The  BASIC  Stamp  had  been  around  for  some  time 
and  there  were  a lot  of  power  users  — myself  included  — that  would  benefit 
from  such  a beast.  The  goals  were  pretty  simple:  Make  it  PBASIC-like  (though 
not  necessarily  source  compatible),  easy  to  use  in  the  SX-Key  IDE,  and  allow  it 
to  be  a useful  learning  tool  for  those  wanting  to  explore  Assembly  language 
(the  dark  side!). 


You  know  what?  It  all  happened.  SX/B  is  quite  a lot  like 
PBASIC  which  makes  the  transition  from  Stamps  to 
the  SX  fairly  straightforward.  It  has  been  integrated  right 
into  the  SX-Key  IDE  so  you  have  a choice  between 
Assembly  and  BASIC,  and  it  uses  a single-pass,  compile-in- 
place strategy  that  allows  us  to  see  how  every  line  of  SX/B 
code  is  translated  into  Assembly  language.  And  given 
Parallax's  great  relationship  with  its  customers,  SX/B  has 
steadily  grown  considerably,  becoming  a very  useful  tool 
for  hobbyists  and  professionals  alike. 

Of  course,  many  will  rightfully  point  out  that  I'm  a 
little  biased  as  I was  working  for  Ken  at  the  time  and  am 
one  of  the  three  amigos  responsible  for  SX/B.  That  said, 
now  that  I don't  work  for  Parallax  I'm  free  to  use  anything 
I want.  Trust  me,  I've  tried  a bunch  of  neat  chips  and  yet 
I still  go  back  to  the  SX  and  do  my  coding  in  SX/B  (with 
Assembly  sprinkled  in  where  it's  useful).  You  can  too. 
Listen,  for  the  price  of  a BASIC  compiler  for  another  chip 
you  can  buy  yourself  an  SX-Key,  an  SX  protoboard,  and  a 
very  nice  meal  for  yourself  and  a friend. 

The  latest  incarnation  of  SX/B  is  2.0  and  it  has  a 
whole  host  of  nice  updates  and  improvements,  but  two 
really  big  ones  that  we'll  explore  here:  improved  variables 
use  and  task  management. 


LOCAL  VARIABLES 

The  SX  — like  many  chips  of  similar  design  — uses  a 
banked  memory  architecture  which  means  that  the 
program  has  access  to  global  variables  (much  of  this 
consumed  by  I/O  and  system  variables)  plus  one  bank  of 
1 6 bytes.  In  the  end,  this  means  that  the  SX28  — the 
device  most  of  us  will  tend  to  use  — allows  SX/B  just  1 9 
bytes  of  general-purpose  RAM  that  we  can  use  without 
having  to  do  anything  special.  There's  nothing  more 
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surprising  to  the  new  SX/B  user  than  to  "run  out  of 
variable  space"  after  reading  the  SX  datasheet  and 
knowing  how  much  RAM  exists. 

Part  of  the  problem  — and  I'm  partially  responsible 
for  this  — is  that  many  of  us  declare  a set  of  temporary 
variables  for  use  in  subroutines  and  functions.  These 
temporary  variables  eat  into  those  19  bytes  of  general- 
purpose  RAM.  In  SX/B  2.0,  we  can  define  a [memory] 
stack  that  allows  subroutines  and  functions  to  have  local, 
temporary  variables,  i.e.,  they're  only  used  during  the 
execution  of  the  subroutine  or  function  and  do  not 
consume  any  of  the  general-purpose  RAM  space. 

To  use  locals,  we  need  to  declare  a stack;  in  the  SX28, 
that  declaration  will  look  like  this: 

DEVICE  SX28,  OSCTX2 , BOR42 
FREQ  20_000_000 
STACK  16 

For  the  SX28,  the  maximum  stack  size  is  16.  For  the 
SX48,  the  stack  can  be  as  big  as  you  like  within  the 
practical  limits  of  the  RAM.  In  case  I wasn't  clear,  this 
chunk  of  RAM  is  used  as  needed  and  recovered  when  a 
subroutine  or  function  is  terminated. 

Something  to  keep  in  mind:  If  a subroutine  calls 
another  and  both  are  using  local  variables,  we  need  to 
ensure  that  the  stack  is  big  enough  to  handle  the 
requirements  of  both.  Let's  say  that  subroutine  A uses 
three  bytes  of  stack  space  and  subroutine  B uses  four 
bytes  of  stack  space.  If  subroutine  A calls  subroutine  B, 
then  we  will  need  a stack  of  at  least  seven  bytes.  If  RAM 
is  tight  in  your  project,  you  can  analyze  stack  use  and  set 
it  as  required;  if  not,  use  16  (for  the  SX28)  and  you'll 
probably  never  have  to  worry  about  it. 

Declaring  local  variables  is  just  like  regular  program 
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variables  except  that  it  happens  within  the  bounds  of  the 
subroutine,  function,  or  task  (more  on  tasks  in  a minute). 
As  with  regular  program  variables,  we  can  define  bits, 
bytes,  arrays  of  bytes,  and  words.  For  example: 

' Use:  PRINT_STARS  count 
' — prints  "count"  stars  (*) 

SUB  PRINT_STARS 
starCnt  VAR  Byte 

starCnt  = __PARAM1 

DO  WHILE  starCnt  > 0 

TX_BYTE 

DEC  starCnt 

LOOP 

ENDSUB 

For  the  PRINT_STARS  subroutine,  the  user  will  pass  a 
byte  value  defining  the  number  of  asterisks  to  be  printed 
via  TX_BYTE.  In  the  past,  we  would  typically  use  one  of 
our  temporary  variables  — those  that  consume  general- 
purpose  RAM  — to  hold  this  value.  By  defining  a local 
variable  as  we  do  above,  we  are  using  the  stack  and  not 
cutting  into  the  general-purpose  RAM  space;  this  leaves 
more  variable  space  for  the  main  part  of  our  program.  As 
you  can  see,  this  subroutine  uses  one  byte  from  the  stack. 
When  the  subroutine  exits,  that  stack  space  will  be  restored 
to  the  level  it  was  when  it  entered  the  subroutine. 

A note  of  caution:  Local  variables  cannot  use  the 
same  name  as  normal  program  variables.  The  names  of 
local  variables  can  be  the  same  from  one  routine  to 
another,  but  I don't  recommend  this;  use  unique  names 
through  your  program  to  prevent  ambiguity.  There  is  one 
noteworthy  limitation  with  locals:  Since  the  stack  is  an 
array  and  array  elements  cannot  be  used  as  an  index  into 
another  array,  we  cannot  use  a local  variable  as  an  array 
index.  A simple  solution  is  to  create  a variable  in  the 
general-purpose  RAM  space  that  will  be  used  for  array 
indexing.  We  can  save  the  value  of  that  variable  when 
coming  into  a subroutine  and  then  restore  it  on  the  way 
out.  For  example: 

v Use : PRINT_BUF  count 

' — prints  "count"  characters  from  buffer () 

SUB  PRINT_STARS 
bCount  VAR  Byte 
bChar  VAR  Byte 
saveldx  VAR  Byte 

bCount  = __PARAM1 
saveldx  = idx 

FOR  idx  = 0 TO  bCount 
bChar  = buffer  (idx) 

TX_BYTE  bChar 
NEXT 

idx  = saveldx 
ENDSUB 

In  this  example,  the  global  variable  idx  is  saved  to  a 
local  variable,  is  then  used  as  an  index  into  the  bufferQ 


array,  and  then  restored  before  the  subroutine  terminates. 

In  addition  to  local  variables,  SX/B  2.0  has  some 
interesting  memory  management  features  — some 
specifically  targeting  advanced  users  who  may  have  used 
Assembly  in  the  past  and  are  accustomed  to  very  flexible 
memory  manipulation.  For  example,  arrays  in  the  SX28  are 
no  longer  limited  to  16  bytes.  We  can  also  force  an  array 
to  be  aligned  with  the  beginning  of  a bank  by  using  the 
ALIGN  modifier  with  the  array  declaration.  One  of  the 
nice  new  features  of  SX/B  2.0  is  that  it  includes  a very 
detailed  memory  use  map  at  the  end  of  the  List  file  — this 
is  quite  handy.  To  be  candid,  most  of  our  programs  will 
not  need  or  use  SX/B's  advanced  options,  but  it  is  nice  to 
have  them  as  our  programs  — and  our  programming  skills 
— become  more  complex  and  sophisticated. 


SX/B  AS  TASK  MASTER 

The  biggest  and  most  involved  update  to  SX/B  2.0  is 
task  management.  Using  tasks  allows  us  to  set  up  and 
schedule  automated  processes;  these  are  like  subroutine 
but  are  called  by  a task  scheduler  instead  of  by  us.  For 
example,  let's  say  we  want  to  check  a sensor  every  1 00 
milliseconds  no  matter  what  else  is  going  on  in  the 
program.  With  tasks,  we  can  do  that  pretty  easily.  Now, 
this  all  sounds  really  neat  and  very  cool  and  in  fact  it  is; 
that  said,  it  takes  a little  bit  of  setup  to  get  to  this  level 
of  automation. 

First  things  first.  To  use  tasks,  we  must  declare  an 
interrupt.  Task  timing  will  be  a derivative  of  the  interrupt 
rate.  As  an  example,  we'll  create  a simple  interrupt  that 
does  nothing  but  allow  us  to  run  tasks  with  a base  task 
"tick"  timing  of  one  millisecond  — we'd  do  it  like  this: 


INTERRUPT  1_000 


Mark_ISR: 
isrFlag  = 1 

Schedule_Tasks : 

TASKS  RUN,  1 

RETURNINT 

FHere  we've  set  the  interrupt  to  run  every  millisecond 
and,  as  we  have  in  the  past,  set  a flag  on  entry  for  use  by 
external  processes.  The  TASKS  RUN  section  sets  the  task 
tick  timing  to  one  interrupt  cycle,  so  in  this  case  a task 
tick  will  be  one  millisecond.  Note  that  this  does 
not  actually  launch  any  tasks;  it  simply  sets  up  the 
mechanisms  to  handle  any  tasks  we  define. 

Okay,  how  about  an  automated  blinker;  something  we 
might  have  a use  for  as  an  annunciator  in  a factory 
process.  Let's  say  we  want  it  to  toggle  its  state  every  250 
milliseconds.  As  with  subroutines  and  functions,  we  have 
to  define  the  task  name  before  using  it: 

blink_LED  Task 
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Note  that  tasks  do  not  take  parameters.  Now,  in  the 
main  body  of  our  program  we  can  set  up  the  task's  timing 
and  enable  it: 

TASKS  SET,  0,  BLINK_LED,  250 
TASKS  ENABLE 

By  using  TASKS  SET,  we  have  assigned  task  slot  zero 
to  BUNK_LED  and  it  will  run  every  250  task  ticks;  in  this 
case,  every  250  milliseconds.  Finally,  TASKS  ENABLE 
allows  this  task  (and  others  if  defined)  to  run.  The  task 
code  itself  looks  very  much  like  a subroutine  except  that  it 
is  blocked  with  TASK  and  ENDTASK: 

TASK  BLINK_LED 
IF  alarmOn  THEN 
TOGGLE  AlarmLed 
ELSE 

AlarmLed  = IsOff 

ENDIF 

ENDTASK 

I stated  earlier  that  we  can't  pass  parameters  to  a task 
but  SX/B  does;  with  this  we  can  do  more  than  one  thing 
with  a given  task.  We  start  by  defining  task  slots  that  point 
to  the  same  task  routine: 

TASKS  SET,  0,  BLINK_LED,  250 
TASKS  SET,  1,  BLINK_LED,  100 
TASKS  ENABLE 

So,  how  do  we  know  which  slot  called  the  task?  The 

slot  number  will  be  passed  to  the  task  code  in PARAM1. 

Here's  an  update  to  BUNKJLED  that  looks  at  the  slot 
number  that  called  it: 

TASK  BLINK_LED 
slot  VAR  PARAMl 

IF  slot  = 0 THEN 

IF  alarmOn  THEN 
TOGGLE  AlarmLed 
ELSE 

AlarmLed  = IsOff 
ENDIF 

ELSEIF  slot  = 1 THEN 

IF  sysReady  THEN 
TOGGLE  SystemLed 
ELSE 

SystemLed  = IsOff 
ENDIF 

ENDIF 

ENDTASK 

For  clarity,  I've  aliased PARAMl  as  slot.  A simple 

IF-THEN  structure  determines  which  LED  to  work  with. 
Note  that  the  code  is  simple  and  we  will  want  to  keep 
task  code  fairly  trim.  Interrupts  still  work  and  will,  in  fact, 
interrupt  a task,  but  what  we  don't  want  is  for  a task  to  be 
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running  when  its  own  timer  expires  and  it  needs  to  be 
called  again.  Using  tasks  can  be  fun  and  save  some 
programming  headaches  but  it  does  take  a little  time  to 
get  used  to.  Start  easy  by  playing  with  the  LED  code. 
That's  where  we  always  start,  right?  With  blinking  LEDs. 
Once  you  get  used  to  that,  you  can  start  combining  some 
of  the  new  memory  features  with  tasks. 

For  example:  Let's  say  we'd  like  an  RTC  without 
adding  a physical  device  like  a DS1320  or  DS1307. 

Here's  a possible  way  of  handling  that.  We'll  start  by 
defining  the  clock  variables: 


clock 

VAR 

Byte 

(4) 

huns 

VAR 

Byte 

© clock (R_HUNS) 

secs 

VAR 

Byte 

© clock (R_SECS) 

mins 

VAR 

Byte 

© clock (R_MINS) 

hrs 

VAR 

Byte  ( 

3 clock (R_HRS) 

Whoa,  Neo,  that's  a little  different,  isn't  it?  The  clockQ 
array  is  easy;  what  we've  done  though  is  create  pointers 
into  that  array  — technically  these  are  just  offsets  and  we 
could  use  them  with  another  array  altogether  (that's  really 
advanced  and  we'll  explore  it  in  the  future).  By  defining 
the  elements  this  way,  we  can  tell  SX/B  to  use  the  clock 
variables  and  have  access  to  the  internals  as  if  they  were 
regular  variables  instead  of  array  elements.  Here's  what 
I mean: 

' Real-time  BCD  clock,  hh:mm:ss.xx 
' — modifies:  clock();  values  stored  as  BCD 
' — set  task  to  run  every  10  milliseconds 

TASK  BCD_RTC 
BANK  ©clock 

INC  huns 

huns  = huns  + $06 
IF  DC  = 0 THEN 
huns  = huns  - $06 
ENDIF 

IF  huns  <=  $99  THEN  RTC_Done 
huns  = $00 

INC  secs 

secs  = secs  + $06 
IF  DC  = 0 THEN 
secs  = secs  - $06 
ENDIF 

IF  secs  <=  $59  THEN  RTC_Done 
secs  = $00 

INC  mins 

mins  = mins  + $06 
IF  DC  = 0 THEN 
mins  = mins  - $06 
ENDIF 

IF  mins  <=  $59  THEN  RTC_Done 
mins  = $00 

INC  hrs 

hrs  = hrs  + $06 
IF  DC  = 0 THEN 
hrs  = hrs  - $06 
ENDIF 

IF  hours  <=  $23  THEN  RTC_Done 
hrs  = $00 


STAMP  APPLICATIONS 


RTC_Done : 

BANK 

ENDTASK 

This  task  is  designed  to  be  run  every  10  milliseconds 
and  will  update  all  of  the  registers  in  the  software  RTC. 
And,  like  the  DS1302  and  DS1307,  it  uses  BCD  (binary 
coded  decimal)  registers.  Note  that  on  entry  there  is  a 
BANK  @clock  instruction.  This  is  telling  SX/B  to  point  to 
the  clock  bank  instead  of  the  default  (general-purpose) 
RAM  bank.  What  this  means,  then,  is  that  we  can  treat  the 
clock  variables  like  regular  variables.  That  said,  we  cannot 
use  regular  program  variables  here  without  aliasing  them 
(with  the RAMQ  array). 

I'm  always  on  the  hunt  for  neat  tricks  and  this  task 
uses  one  that  helps  us  to  create  a BCD  RTC  (say  that 
three  time,  very  fast).  Why  BCD?  Well,  it  lets  you  move 
the  values  to  displays  without  the  use  of  decimal  division 
which  can,  in  fact,  chew  up  a fair  bit  of  code  space. 

If  you  look  at  the  BCD_RTC  task  code,  it  is  built  of 
four  identical  sections,  so  well  just  look  at  the  hundredths 
register.  The  first  part  is  easy:  We  use  INC  to  bump  the 
value  by  one.  What  we  want  to  check  for  now  is  if  the 
lower  nibble  of  the  register  moved  from  $9  to  $A  (10). 
There  are  many  ways  to  do  this  but  an  elegant  solution  is 
to  add  six  to  the  register.  Here's  why  this  is  cool:  If  the 
lower  nibble  does  now  contain  $A  then  adding  six  will 
cause  the  lower  nibble  to  become  zero  and  the  upper 
nibble  to  be  incremented  by  one  ($A  + $6  = $10).  This 
is  exactly  what  we  want.  There  is  a bit  in  the  SX's  status 
register  called  DC  (digit  carry).  After  adding  six  to  the 
register,  we'll  have  a look  at  the  DC  flag.  If  this  flag  is  not 
set  (1),  then  there  was  no  carry  between  nibbles  and  we 
need  to  remove  the  six  we  just  added. 

At  first  blush,  this  may  seem  like  a bit  of  work  but 
it  is,  in  fact,  the  most  efficient  method  I've  found  for 
incrementing  a BCD  register.  After  the  increment  and 
digit-carry  checks,  we  examine  the  register  to  see  if  it  has 
reached  its  limit.  If  not,  now  the  task  exits.  Otherwise,  the 
register  will  be  reset  and  the  code  drops  through  to  the 
next  register  update/check.  There  is  a critical  step  in  this 
task  at  the  very  end  — note  the  lone  BANK  instruction. 

This  causes  SX/B  to  point  back  to  the  default  RAM  bank. 
We  need  to  do  this  for  the  rest  of  the  program  to  operate 
correctly.  One  last  note  on  the  clock()  array. 

If  we're  not  pointing  to  the  clock  bank  as  above,  then 
we  need  to  access  values  though  the  array  itself,  like  this: 

IF  clock (R_SECS)  = $10  THEN 

TASKS  STOP,  1 

ENDIF 


With  this  little  bit  of  code,  the  RTC  task  will  be 
stopped  when  the  clock  seconds  register  reaches  $10. 
Note  how  we've  created  a constant  called  R_SECS  that 
makes  using  the  clockQ  array  obvious;  obvious  is  always 
good.  We  can  also  suspend  a task  which  allows  it  to 
restart  after  a pre-determined  break;  we'll  get  into 


that  in  a future  article. 


HEW  TEMPLATE  - PLEASE  USE  IT 

Finally,  I have  included  an  updated  SX/B  template 
in  the  download  file  on  the  Nuts  & Volts  website  at 
www.nutsvolts.com.  Please  install  this  in  your  SK-Key 
IDE  templates  folder.  The  new  template  is  better 
organized,  especially  with  the  location  of  the  PROGRAM 
Start  directive.  With  tasks,  the  interrupt  code  grows 
quite  a bit  and  by  moving  SX/B's  internal  start-up 
code  (which  is  placed  at  PROGRAM  Start)  after  the 
subroutine,  function,  and  tasks  declarations  we  are 
less  likely  to  have  those  declarations  pushed  out  of  the 
lower  half  of  the  code  page  — a situation  that  will  cause 
an  error 

I know  we've  just  scratched  the  surface  of  these 
topics  but  this  is  still  some  pretty  powerful  stuff.  In  the 
coming  months,  we  will  continue  to  explore  and  exploit 
SX/B's  cool  new  features.  As  ever,  I encourage  you  to 
play,  and  if  you're  willing,  participate!  SX/B  2.0  is  what  it 
is  because  Parallax  and  compiler  engineer,  Terry  Hitt,  are 
open  to  making  it  better  for  all  of  us.  You,  too,  can  have 
a say  in  what  comes  next.  How  many  products  do  you 
get  to  do  that  with? 


GO  FORTH  AND  BE  PROSPEROUS 

An  interesting  thing  happened  with  a few  of  my 
recent  columns.  I have  been  contacted  by  some  readers 
vis-a-vis  quasi-commercial  ventures  with  the  project 
designs.  A gentleman  named  Andrew  wanted  to  provide  a 
kit  based  on  the  VEX  decoder  article  (see  Resources), 
another  suggested  a commercial  version  of  the  Brake 
Light  Buddy,  albeit  with  some  enhanced  features,  and  yet 
another  guy  thought  he'd  do  a bulk-buy  to  save  himself 
and  others  a little  "scratch"  on  the  BLB  PCB. 

For  the  record,  if  you  think  you  can  make  money  or 
help  others  with  what  you've  learned  from  my  articles 
and  the  code/files  that  I provide  for  them,  God  bless  you 
and  please  go  forward.  Just  understand  that  beyond  these 
articles  — which  I absolutely  love  doing,  especially  when 
I hear  your  success  stories  — I can't  be  involved;  my  time 
is  just  too  limited.  I hope  this  doesn't  seem  harsh  or 
unkind,  and  I do  appreciate  your  understanding. 

Until  next  time,  then,  Happy  Stamping!  — SX/B  2.0 
style.  NV 


JON  WILLIAMS 

williams  @ efx-tek.  com 

PARALLAX,  INC. 

www.parallax.  com 


VEX  DECODER  PCB  / KIT 

www.m-re.com/VEX-Decoder 
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WIRELESS  MADE  SIMPLE 

BRING  YOUR  PRODUCT  QUICKLY  AND  LEGALLY  TO  MARKET 


RF  Modules 


La*-Cest  DC,  RX 
STR*  Modules  a 


Add  INSTANT  witOiPss  artataQ  / digital 
capability  to  your  product. 


MulL:  C ri;sr  nul  HuUi;  iir. 


10,..  * 


Long-Range  Modules 


DEM  Products 


H rand  hold  TX 


FCC  PRE-CERTiFiEB  S ready  to 
customize  for  ycur  application. 

Function  Modulus 


[MlIDQlMaiHB 

LOW-COST  - LONG  KflKEE  TMNSBEIVEFt 

*Ciracl  BCtfiaJ  interface 

- Low  pews?  cofHurrptiwii 

- PLL-ifnlh^iHK]  urcPjIrdLrE 

» R3SI  lilif  p&Wf-ftMfl  i^euoo*'" 

- Llonpncl  aurfnee  me  uni  paduigo 

* No  Rr  uimpqntm  ■rnwimj 


A &o*er  look  at  Unit  Innovation 

DEMOTE CONTROL TRAHSCQDER  IQ 


* Up  to  8 Injuria 

* ItdlrmUfinil  Mntffil 
- Trunsmilter  IE  tiutpiri 

* Auit-ffi*iic  cortfirrm^lcMi 

* Sflcurp  F*pt*$>bki  nddrmnna 

* Lite  bed  andfr  rnornunlary  ssVlput* 


# 


n#V  SO 0-736-6677 

lilWiifl!  159  Ort  Lane  - Merlin,  OR  97532 
\ TECHNOLOGIES  www.  I inxtflchnologle  s .com 


Seetron  Serial  LCDs 

Interface  a sharp  LCD  display  to  your  BASIC  Stamp®  or  other 
micro-controller  project  with  ease.  No-solder  wiring  harnesses 
and  easy  mounting  kits  available  too.  See  www.seetron.com  today. 


• 3.2  x 1.4  in.  supertwist  LCD  $45 

• 2400/9600  baud  serial  BPI'2161 

• Low  (~2mA)  current  draw 

• Great  with  BASIC  Stamps® 


• 3.2  x 2 in.  backlit  LCD  $49 

• 1200-9600  baud  serial  ILM'2161 

• Advanced  protocol,  4 switch  inputs 

• EEPROM  for  configuration  settings 

• Favorite  for  OEM  applications 


• 3.2  x 1.4  in.  graphics  LCD  Sgx-i2ol 

• 2400/9600  baud  serial 

• Font  and  15  screens  in  EEPROM 

• Easily  draw  points,  lines,  screens 


• 3 x 2 in.  supertwist  LCD  $119 

• 1200-9600  baud  serial 

• ESD-protected,  4x4  keypad  input 

• Store  up  to  95  screens  in  EEPROM 


Scott  Edwards  Electronics,  Inc. 

1939  S.  Frontage  Rd.  #F,  Sierra  Vista,  AZ  85635 
phone  520-459-4802  • fix  520-459-0623 
www.seetron.com  • sales@seetron.com 


More  displays  available, 
including  bright  VFDs. 
See  www.seetron.com 


i 


battery  charger 
connector 


Item  #975 

$99.95 


The  Pololu  3pi  robot  is  a high-performance,  compact 
mobile  platform  featuring: 


* Two  metal  gearmotors 

* Five  reflectance  sensors 

* 8x2  character  LCD 

* Three  user  pushbuttons 

* Buzzer  and  LEDs 


* High-traction  silicone  tires 

* Speeds  exceeding  3 ft/sec 
using  innovative  constant- 
voltage  motor  supply 


4AAA 
batteries 
(not  included) 


optional 
power  LED 


piezo  buzzer 


I 

ISP 

programming 

connector 


removable  8x2 
character  LCD 


user  pushbuttons 


All  peripherals  are  connected  to  an  ATmega168 
microcontroller  running  at  20  MHz,  with  free  C-programming 
tools,  libraries,  and  support  for  the  Arduino  environment. 

npoioiu 


push-on/push-off 
power  button 

reset 

button 


30:1  micro 
metal 

gearmotors 


Robotics  & Electronics 

6000  S.  Eastern  Ave.  12D,  Las  Vegas,  NV  89119 


robot  diameter  is  3tt  cm  (~3.7  inches) 

Find  out  more  at  www.pololu.com/3pi  or  by  calling  1-877-7-P0L0LU. 
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Low  Power,  32-bit  Flash  MCU 
with  High-precision  16-bit  ADC 

Features  88dB  SN-ratio,  low  power  and  ultra-small  package 


Renesas  Technology 

No.  1 * supplier  of  microcontrollers  in  the  world 

Introduces  the  H8SX/1622  microcontroller  with  the  H8SX  CPU  core  at 
50MIPS,  built  on  advanced  low  power  technology,  and  available  in 
ultra-small  packages  (9mm  x 9mm). 

The  device  contains  a 1 6-bit  AZ  A/D  converter  with  88dB  SN-ratio  and 
a conversion  time  of  91 .5ps.  The  A/D  converter  unit  provides  fully 
programmable  gain  and  offset  stages  supporting  both  single-ended  and 
differential  analog  inputs. 

Full  system  integration  is  provided  through  high-speed  UART,  SCI,  and 
PC  serial  channels  assisted  by  direct  memory  access  control  (DMA  and 
DTC  units),  and  an  external  parallel  data  bus. 

Low  power  consumption,  with  typically  less  than  1 mA/MHz  full-run 
operation  and  4pA  standby,  makes  this  device  ideal  for  medical 
monitoring,  high-precision  smart  sensors,  and  digital  consumer  products. 

H8SX  Product  Lineup 


HOT  Products 

H8SX/1622 

16-bit  AZ  ADC,  91.5ps  conversion  time 

Top  Reasons  to  Select  H8SX/1622 

• 32-bit  CISC  CPU  core  at  50MHz 

• 256KB  on-chip  zero  wait-state  Flash  memory 

• 32KB  SRAM 

• Deep  Software  Standby  consumes  only  4pA  (typical) 

• Operation  at  35MHz  consumes  30mA  (typical) 

• 6ch  16-bit  AZ  ADC  with  single  and  differential  inputs 

• 8ch  10-bit  ADC  (SAR)  and  2ch  8-bit  DAC 

• Advanced  data  management  (DMA  and  DTC) 

• High  speed  serial  interfaces  (UART,  SCI,  l2C) 

• 16-bit  and  8-bit  timers  and  16-bit  Pattern  Generator 

• External  bus  to  give  connectivity  to  SRAM  and  Flash 
memory 

• Small  9mm  x 9mm  LGA-145  and  QFP-144  packages 


*Source:  Gartner  "Semiconductor  Applications  Worldwide  Annual  Market  Share:  Database"  Hiroyuki  Shimizu,  27  March  2008,  GJ08218  *This  is  2007  ranking 


#lvtcu 


Get  Started  Today  - 

Go  online  and  register  to  access  special  promotions  on  starter  kits.* 

www.america.renesas.com/ReachH8/e 

*Only  available  to  customers  in  North  and  South  America 


RenesasTechnologyCorp. 


WHAT'S  UP: 

Join  us  as  we  delve  into  the 
basics  of  electronics  as  applied 


■ WITH  RUSSELL  KINCAID 

In  this  column,  I answer  questions  about  all 
aspects  of  electronics,  including  computer 
hardware,  software,  circuits,  electronic  theory, 
troubleshooting,  and  anything  else  of  interest 
to  the  hobbyist.  Feel  free  to  participate  with 
your  questions,  comments,  or  suggestions. 

Send  all  questions  and  comments  to: 
Q&A@nutsvolts.com 


to  every  day  problems,  like: 


/ 

/ 

/ 


High  Current  LED  Driver 
Dimmer  for  12VDC  Lamps 
Device  to  Scare  Away  Animals 


Current  Source  for  Battery 
Charger 


Ql  want  to  build  a battery 
charger  using  the  DS2714 
and  I am  having  a problem 
designing  a suitable  power 
supply.  Their  spec  sheet  (http://data 
sheets.maximic.com/en/ds/DS27t4. 
Pdf)  calls  for  a current  limited  source 
of  2A.  What  would  be  a suitable 
voltage  for  the  power  supply  and 
how  is  the  current  limit  implemented? 

Also,  I am  having  trouble 
sourcing  the  thermistor  (Semitec, 
Fenwal)  specified;  are  there 
substitutes  available  from  other 
manufacturers? 

— Jack  Botner 


A The  circuit  in  Figure  1 will 
do  the  job.  The  diode, 

D1,  is  to  temperature 
compensate  the  Vbe  of  the 
transistor.  I believe  the  current  should 
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be  C/1 0 for  the  cell  being  charged 
but  for  two  amps,  the  resistor,  R1, 
is  one  ohm  and  R3  is  39  ohms.  The 
FCX71 8 will  overheat  at  two  amps, 
so  substitute  2SB1412  for  current 
over  one  amp  or  for  higher  reliability 
at  one  amp.  Allied  lists  the  Fenwal 
thermistors  but  have  none  in  stock. 
However,  Mouser  part  number 
871-B57540G103F  is  very  close  to 
the  Semitec  curve.  Any  thermistor 
having  a (3  near  3480  will  work. 

High  Current  LED  Driver 

a I want  to  build  an  LED 

driver  that  can  drive  a large 
number  of  LEDs  from  a 
PWM  signal.  I want  to  use 
a TTL  level  PWM  signal  from  a 
small  microcontroller  that  I am 
using  as  the  dimming  control.  It 
works  fine  for  a single  LED  but  now 
I want  to  scale  it  up  to  use  a 1 2 
VDC  supply  that  can  handle  1 50 
white  LEDs.  I plan  to  have  three 
LEDs  in  series  (-3.5V  @ 20  mA) 
which  would  require  about  one 
amp  of  current  switched  at  around 
1 00  Hz.  Thanks  in  advance  for 
your  help. 

— Michael  Gerstweiler 


V 

p o 


You  need  a logic  level 
MOSFET  that  is  capable 
of  switching  one  amp 
uch  as  the  FQPF30N06L 


rated  60V  @ 22A.  You  will  have  50 
parallel  strings  with  75  ohms  in 
series  with  each;  see  Figure  2. 


Device  to  Scare  Away  Animals 

Qln  my  garden,  deer  are 

nipping  flowers  and  buds, 
so  I need  a device  which 
can  safely  frighten  them 
away.  I am  thinking  about  a device 
that  will  play  sound  for  five  to  1 0 
seconds.  The  stored  sound  (could  be 
a dog  barking  or  a human  voice) 
should  not  be  the  same  all  the  time 
or  the  deer  will  get  used  to  it.  Would 
it  be  possible  to  use  a memory  card 
into  which  I could  record  sounds? 

The  means  for  starting  could  be  a 
switch  and  string,  photocells,  sound, 
heat,  or  movement  sensors. 

— Ebbe  Normark  Sorensen 
Denmark 


QUESTIONS  & ANSWERS 


H< 

S° 

gr 
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Here  is  a simple 
solution:  Go  to  a 
greeting  card  store 
and  buy  a card  with 
sound.  Some  of  them  allow 
you  to  record  your  own 
message,  so  you  can  put  the 
dog  barking  or  whatever  you 
want  on  it  and  change  it 
periodically.  You  will  need  an 
amplifier  and  outdoor  speaker 
to  make  it  loud  enough  to 
scare  the  deer. 

To  activate  the  unit,  you 
could  hack  an  outdoor 
security  light  and  in  addition 
to  turning  on  the  light,  turn  on  the  sound  generator. 

Figure  3 is  an  example  of  that,  but  if  you  want  to 
operate  from  a battery,  consider  the  STL12LV  proximity 
detector  and  the  circuit  of  Figure  4.  The  STL12LV  costs 
nearly  $100  but  all  you  have  to  do  is  connect  it  to  power 
(12  volts  AC  or  DC)  and  replace  the  sound  generator 
switch  with  the  STL12LV  output  switch.  It  is  available  from 
www.residential-landscape-lighting-design.com.  An  audio 
amp  kit  from  Qkits  will  provide  enough  power;  two  watts 
with  eight  ohm  speaker  and  12  volt  DC  supply:  http:// 
store.qkits.com/moreinfo.cfm/FK602.  The  speaker  is 
eight  ohms,  7.5  watts,  outdoor,  Bogen  #SP58A,  available 
from  www.truedataonline.com/index.asp 
?file=preBuilt&preBuiltSearchlD=27816&sort=50& 
headerlmage=. 

Figure  5 is  the  greeting  card  electronics.  After 
removing  the  switch,  the  mounting  pad  will  be  the 
positive  supply  pad.  It  is  not  necessary  to  remove  the 
batteries  but  if  you  do,  the  negative  supply  pad  will  be 
under  the  last  one.  The  VSS  pad  and  adjacent  test  point 
can  be  jumped  to  make  the  recording  play  only  once. 

I was  intrigued  by  this  idea  enough  to  build  one  for 
myself  to  keep  deer  and  raccoons  from  my  apple  trees.  I 
used  the  configuration  of  Figure  3,  keeping  in  mind  that 
the  circuit  is  directly  connected  to  the  120  VAC  power 
and  is  lethal.  For  the  transformer,  T2,  I used  a small  power 
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FH 


~T” 100nF  ~T” 100nF 

GND  GND 


type  with  two  1 5 volt 
windings  to  give  a 1 :1 
ratio.  A 240/24  volt 
transformer  should  work 
also.  It  is  all  in  a securely 
fastened  plastic  box.  Also, 
because  the  mains  voltage 
in  the  US  is  1 20  VAC, 
the  resistor  R4  is  620 
ohms,  5W. 

Dimmer  for  12  VDC 
Lamps 


C 


Last  month,  Figures  6 and  7 (solar  power  supply)  were  inadvertently  left  out  of  the  layout.  They 
are  reprinted  here  for  your  convenience  and  are  also  available  at  www.nutsvolts.com. 


90  VOLT  SUPPLY  PARTS  LIST 

■ FIGURE  7;  October  '08  issue 

PART 

DESCRIPTION 

P/N 

SUPPLIER 

■ IC1 

NE556  dual  timer 

595-NE556N 

Mouser 

■ IC2 

LM393  dual  comparator 

511-LM393N 

Mouser 

■ Q1 

NMOS,  100V,  0.45A,  logic 

level  522-ZVN4210A 

Mouser 

■ D1 

400V,  1 A,  50  ns,  DO-41 

821-1 N4936 

Mouser 

■ LED1 

Red 

156954 

Jameco 

■ R1 

13.3K,  1/8W,  1% 

270-1 3.3K-RC 

Mouser 

■ R2 

1.0K,  1/8W,  1% 

270-1 K-RC 

Mouser 

■ R3 

6.81  K,  1/8W,  1% 

270-6.81  K-RC 

Mouser 

■ R4 

100U,  1/8W,  1% 

270-100-RC 

Mouser 

■ R5 

10Q,  1/8W,  5% 

270-10-RC 

Mouser 

■ R6 

1 M,  1/8W,  1% 

270-1. 0M-RC 

Mouser 

■ R7 

10K,  1/8W,  1% 

270-10K-RC 

Mouser 

■ R8 

10K  trimpot 

652-3296Y-1-103LF 

Mouser 

■ Cl,  C2 

1,000  pF,  50V,  NPO 

81-RPE5C1 H102J2P1 A03 

Mouser 

■ C3 

0.1  pF,  50V,  X7R 

81 RPER71 H104K2P1 A03 

Mouser 

■ C4 

0.1  pF,  200V,  film 

80-R821 C3100DQ60J 

Mouser 

■ T1  Core 

F-42510-EC 

Magnetics 

■ T1  Bobbin 

B2510-10 

Magnetics 

■ Battery 

6V  gel  cell,  1.3  Ah 

632-GH613 

Mouser 

■ Solar  Panel 

4.5V/90  mA,  2 3/8"  square 

PWR1241 

BG  Micro 

have  a small 
pop-up  camper 
with  two  sets  of 
Idual  lamp  light 
fixtures  in  it.  There  is  only  a single 
on/off  switch.  I would  like  to  build  a 
couple  of  dimmers  for  these  fixtures.  I 
think  I can  do  this  the  easiest  with  a 
circuit  similar  to  a switching  power 
supply.  What  are  your  thoughts  and 
ideas  for  a circuit? 

— Tom  Bohacek 

Alt  is  only  necessary  to  chop 
the  1 2 volts;  1 2 volt  lamps 
are  normally  40  watts  and 
there  are  two  of  them  so 
the  current  to  be  chopped  is:  I = P/E 
= 80/12  = 6.7  amps.  A 556  1C  driving 
a MOSFET  is  the  circuit;  see  Figure  6. 
The  frequency  only  needs  to  be  high 
enough  that  you  don't  see  the  flicker, 
so  1 00  Hz  will  work.  The  first  555 
is  an  astable  and  provides  the 
frequency.  The  second  555  is  a one 
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QUESTIONS  & ANSWERS 


shot  triggered  by  the  first  and  has  a 
pot  to  vary  the  pulse  time.  You  can 

MAILBAG 

Dear  Russell, 

In  your  Q&A  column  about  trans- 
former design,  get  a copy  of  COYNE 
TELEVISION  and  RADIO  HANDBOOK. 
This  old  book  has  some  good 
information  on  transformer  design  and 
has  copper  wire  tables.  I have  seen  this 
book  on  eBay  for  about  $10  and  will 
make  transformer  building  easy. 

— Edwin  Fitzpatrick,  W8MFS 

Thanks  for  the  info , Ed I will  have  to 
check  it  out 

Dear  Russell, 

On  page  29  of  the  August  issue, 
you  answered  a question  about 
building  a vacuum  tube  version  of  a 
solid-state  audio  amplifier.  The  tubes 
were  drawn  wrong.  When  I was  just 
getting  into  electronics  almost  every- 
thing was  tubes.  At  that  time,  when 
a dual  tube  was  used,  both  sides  of 
the  tube  had  the  same  V designation, 
and  the  symbols  had  partially  dashed 
or  sometimes  open  enclosures.  Has 
this  practice  been  abandoned,  or  is  it 
now  personal  preference?  Thanks  for 
listening  to  my  rant! 

— Paul  Baxter 

You  are  absolutely  right , I was  just 


get  close  to  1 00%  duty  cycle,  but  if 
you  exceed  it,  the  duty  cycle 


lazy.  A full  circle  draws  easily  but 
partially  dashed  would  be  time 
consuming.  I don't  have  a library  of 
tubes  and  do  not  plan  to  have  one. 

Dear  Russell, 

I just  got  my  September  issue  of 
Nuts  & Volts.  Your  circuit  in  Figure  1 
on  page  24  is  very  interesting. 


becomes  50%  because  it  is  triggered 
every  other  pulse.. 


762-LH2540T  nor  do  they  have  a 
LH2540T.  So,  what  is  the  correct  part 
# for  the  solid-state  relay,  in  Figure  1 ? 

— Paul  Bergsman,  N3PSO 

1 got  my  Nuts  & Volts  today  and  I see 
your  problem.  The  762-LH1 540T  is  a 
solid-state  relay , 350  VAC,  120  mA  rat- 
ing in  a six  pin  DIP  package , apparently 


But,  Mouser  has  no  762-LH2540T 
part.  Datasheetarchives  has  no 


no  longer  stocked  by  Mouser.  An  equal 
substitute  is:  849-LCB1  / OS,  $2.71  ea. 


Will.  aMTIPIMD 


HEW! 

leonoT  hh 


Features 

- Precision  cut  pre-drilled  high 
density  polyethylene  (HOPE) 

- HOPE  is  easy  to  work  with, 
yet  very  resilient  end  strong] 

■ Two  wheel  differential  steering 

■ Pre modified  R/C  serves 

■ 2 decks  for  easy  expansion* 

■ 7"  diameter 

- Custom  2-l/2ir  rubber  wheels 
' All  hardware  included 

■ Never  any  glues  or  tapes! 

• Illustrated  assembly  Instructions 

■ AM  for  just  $69! 


Ready  to  go  - just  add  a 


controller  and  battery! 


Robots  for  the  Rest  of  Us 

WWW.BUDGETRaBQTICS.GQM 


ELECTROMIX  EXPRESS 


RSR^_  3MHZ  SWEEP 
FUNCTION  GENERATORS  » 

6 Waveform  Functions,  Int/Ext 
Counter,  lin/log  sweep 
MODEL  FG-30  MODEL  FG-32 

(No  Digital  Display)  (5  Digit  Display) 

$13500  $19500 


BENCH  DMM  with RS232  interface 
MODEL  DM 9803 FI  ^ 

True  RMS,  digital  and  bar 
graph  display,  AC/DC  Cap,  Res, 
frequency  functions.  Includes 
software,  AC  or  DC  operation. 


****'■ 


$125°° 


IITSTEK  curp 

OSCILLOSCOPE 

MODEL  G OS-620 
Dual  Channel 
- 20MHZ 

(INCLUDES  PROBES) 


$299 


|00 


SWITCHES 

8 POS  DIP  (V17DIP8SS) 

Toggle  Mini  SPDT  (V17T0GSD-M) 
Toggle  Mini  DPDT  (V17T0GDD-M) 


1-9  10' 

.90 

1.40  1 
$1.50  1 


■99  100+ 

85  .70 

,20  .90 

35  1.20 


DC  POWER  SUPPLIES 

MODEL  HY3003-  DIGITAL  DISPLAY  mM 

Variable  output,  0-30  VDC,  0-3  Amp  $9500  8 

MODEL  HY3003-3  - TRIPLE  OUTPUT  __ 

Two  0-30  VDC,  0-3  Amp  variable  outputs  CM  00 

plus  5V  3A  fixed.  Digital  Display. 


DIGITAL  MULTIMETER  _ 
32  Ranges  - 3V2  Digit  BB 
MODEL  MY-64  $3395  I 

AC/DC  Volt/Current,  Res.  Cap., 
Frequency.  Rubber  Holster  Included 


POTENTIOMETERS  1-9  10-99  100+ 

Cermet  (STS  Series)  850  750  650 

Multiturn  (MTT  Series)  850  750  550 

Panel  Mount  (PMA  Series)  $1.15  800  700 

Standard  Values  Available 


v////^p 

Weller® SOLDERING  STATION 

tl  BEST  SELLING  $4395 
STATION  ‘ 

MODEL  WLC  100 
V0603WLC100 


ROTARY  TOOL  KIT 


Variable  speed  tool  (37,000 
RPM)  with  accessory  kit  in  a 
hard  plastic  carry  case. 

HV29DR101 


ALLIGATOR  LEADS 

SET  OF  10  $320 


SOUND  SENSOR  CAR 

REQUIRES  SOLDERING 

Reverses 
direction 

whenever  it  ^ 

detects  noise, " 
or  touches  an  $g95  ~ 

obstacie.  #V3221881 


RSR-w — HIGH  PERFORMANCE 
3-WIRE  IRON  $C95 

m60509  - O 


RSR-w — DIGITAL 
MULTIMETER  $c25 
SUPER 
ECONOMY 
MODEL  82  OB 

1-9 $7.50 

10-49  . . . $6.50 
HV01DM820B 


MORE 
Low-Priced 
Items  In  Our  i, 

FREE  2fc#i 

350+ Page  T-CJz. 


| TERMS:  Min.  $20  + shipping.  School  Purchase  Orders,  VISA / MC,  Money  Order,  Prepaid.  NO  PERSONAL  CHECKS,  NO  COD.  NJ  Residents:  Add  7%  Sales  Tax.  \ 

In  NJ:  732-381-8020 
FAX:  732-381-1006 

365  Blair  Road*Avenel,  NJ  07001 

800-972-2225 

http://www.elexp.com 
email:  electron@elexp.com 

November  2008  NUTSiVOLTS  31 


PCB-POOI 


our  FREE 
t Software  I 


Down 


PCS 


* SchennpKc  Capture 

* PCR  La you  1 

■ Auto  Roy  ter  & Auto  Pi  ace  r 

■ Complete  Component  Library 

* Professional  Version 


www.free-pcb-software.com 


• Cost-effective  prototypes 
and  production  runs 

• Wide  range  of  materials  or 
customization  of  provided 
material 

• Automatic  price  calculation  f 

• Fabrication  in  1 , 3 or  7 days  - | - 

f rrrr 

Sample  price:  * 

$43.78  plus  S&H  7 __ 


EXPRESS 


www.frontpanelexpress.com 
(206)  768-0602 


Qsi^agiasi^  Q&oq  ©DcDDa  flQ™  SS 

With  our  popular  Servo  Erector  Set  you  can 
easily  build  and  control  the  robot  of  your  dreams. 
Our  interchangeable  aluminum  brackets  make 
the  ultima  to  precision  mechanical  assemblies. 
Our  Visual  Sequencer  for  SSG-32  provides 
powerful  PC,  Atom,  or  BS2  based  control. 

Visit  our  huge  website  to  see  our  complete  line  of 
aluminum  and  Lexan  based  robot  kits, 
electronics,  and  mechanical  components. 


Wiped  BRATs 


Johnny  5 


Round  3D0F  Hex 


^Jmages  represent  a fraction  of  what  can  be  mads! 


SES  now  has  B2  Unique  AJumninum  Components!1 


[Erectofl 
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What  today's  robotics 
engineers,  rocket  scientists, 
and  astrophysicists  do  for  fun. 


Exercise  your  skill,  expand 
your  mind,  and  challenge  your 
creativity  with  everything  from 
games  to  gadgets  from  Edmund 
Scientific.  Whether  you're  a 
hobbyist,  scientist,  or  student, 
Edmund  Scientific  has  something 
to  make  you  smile  and  think. 

For  the  latest  trends  in  toys 
and  technology,  call  for  your 
free  catalog  or  shop  online  at 
scientificsonline.  coin 


Edmund  Scientific's 


SCIENTIFIC^ 

J 

1-800-728-6999  • www.scientificsonline.com 


■ HARDWARE 

■ SOFTWARE 

■ GADGETS 

■ TOOLS 


P R 


O D U C T S 


TELEGESIS  ETRX2USB 

ZIGBEE  STICK 

Available 
from 
Lemos 

International,  to 
accompany  the  Telegesis  ETRX2 
wireless  mesh  networking  modules, 
the  ETRX2USB  universal  serial  bus 
stick  offers  an  easy  way  to  ZigBee- 
enable  personal  computers.  Using  a 
virtual  com  port,  the  Telegesis 
AT-Command  interface-based  on  the 
EmberZNet  meshing  stack  — can 
be  easily  accessed  by  the  application 
software.  Custom  firmware 
development  is  also  supported. 

FOURIER  DATA  NET 
ZIGBEE  BASED 

WIRELESS 
DATA  LOGGERS 

Lemos  International  is  offering 
Fourier  Data  Net  ZigBee  Wireless 
Data  Loggers.  These  offer  ZigBee 
based  wireless  data  logging  with 
internal  temperature  sensors  and  a 
four  channel  RF  logger  with  a fully 
reliable  monitoring  network.  Long 
range  monitoring  is  possible  with 
multiple  alarms  including  SMS  to  any 
location.  Operating  keypad,  large 
LCD  display,  and  license-free  RF  band 


worldwide.  Up  to  65,000  network 
units  available. 

TELEGESIS  ETRX2 

ZIGREE  PRO 
MODULE 

The  Telegesis  ETRX2  module  is  a 
low  power,  2.4  GHz  ISM  band 
transceiver,  based  on  the  Ember 
EM250  single  chip  ZigBee® 
/IEEE802.1 5.4  solution.  It  has  been 
designed  to  be  integrated  into  any 
device  without  the  need  for  RF 
experience  and  expertise.  Utilizing 
EmberZNet2.2  meshing  technology, 
the  ETRX2  enables  the  engineer  to 
add  wireless  networking  capability  to 
products.  The  module's  unique  AT- 
style  command  line  interface  allows 
the  engineer  to  quickly  integrate 
meshing  radio  technology  without 
complex  software  engineering. 

For  more  information  on  the 
above  three  items,  contact: 

Lemos  International 

Web:  www-lemosint-com 


PROPELLER 

PROFESSIONAL 

DEVELOPMENT 

BOARD 

The  Parallax  Propeller  Professional 
Development  Board  (PPDB)  is 


a high-quality,  fully-integrated 
development  platform  for  the  Pro- 
peller microcontroller.  A wide  variety 
of  typical  I/O  (LEDs,  Buttons,  etc.) 
devices  and  circuitry  are  built  into  the 
PPDB,  providing  the  developer  with 
an  ideal  platform  for  rapid  Propeller 
project  development. 

The  PPDB  contains  a 5 MHz 
crystal  and  24LC256  EEPROM  (both 
in  sockets),  as  well  as  a 40-pin  socket 
for  the  P8X32A  Propeller  chip.  A 
USB  programming  connection  is 
included,  as  well  as  both  5V 
and  3.3V  regulators  on  board. 
Connections  for  RS-232  DCE, 
headphones,  VGA  monitor, 
composite/broadcast  video,  and  two 
PS/2  devices  are  also  included. 

The  Propeller  Professional 
Development  Board  is  available  from 
Parallax  for  $169.99. 

MLX90614 

INFRARED 

THERMOMETER 

MODULE 

The  MLX90614  Infrared 
Thermometer  Module  is  an 
intelligent  non-contact  temperature 
sensor  with  a single  pin  serial 
interface  for  connection  to  most 
microcontrollers.  The  MLX90614 
sensor  is  designed  for  non-contact 


continued  on  page  68 


SHERLINE 


PRODUCTS 


INCORPORATED  im 

www.sherline.com 


1-800-541-0735 


Miniature  Machine  Toi 

Lathes  * Mills  * Shop  Packages 


3235  Executive  Ridge  • Vista  • CA  92081-8527  • E-mail:  sherline@sherline.com 
Fax:  (760)  727-7857  • Local  or  International  Tel:  1-760-727-5857 


ClassPack  and  CoroBot 

. . . where  Virtuality  meets  Reality 


• puts  a virtual  robot  in  the  hand; 
of  every  student 

• lowers  the  cost  of  project 
development  without  effecting 
long-term  results 

• reduces  lab  down-time 

• physics-based  simulation 
environment 

• multiple  licensing  options 
available 


www.corobot.com 


1-800-641-2676 
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V 


VISB  EXPERIMENTER'S 


INTERFACE  KIT 


FRONT  END  PRE-AMP 
FOR  PC  SOUND  CARDS 


PC  INFRARED 


KC-5323  $13.95  plus  postage  & packing 

Did  you  know  that  most 
Pentium-class 
motherboards  include 
infrared  support  right 
out  of  the  box?  This 
quick  and  easy  kit  plugs  into  your  motherboard  to  provide 
IR  support  for  external  devices  such  as  notebook 
computers,  PDAs,  digital  cameras,  data  samplers  - and 
the  list  goes  on! 

Kit  includes  PCB  & all  specified  electronic  components^ 


FREE  CATALOG 


HOW  TO  ORDER 


POST  & PACKING  CHARGES 


Order  Value  Cost 
$25  - $49.99  $7.50 

$50  - $99.99  $20 

$100 -$199.99  $40 
$200  -$499.99  $60 
$500+  $75 

Note:  Products  are  despatched  from  Australia, 
so  local  customs  duty  & taxes  may  apply. 
Prices  valid  till  30/11/08 

V 


Max  weight  121b  (5kg). 
Heavier  parcels  POA. 
Minimum  order  $25. 


1-800-784-0263 


www.iavcar.com 


Since  its  inception,  the  Short  Circuits  learning  system 
has  become  the  preferred  platform  from  which 
students  can  confidently  tackle  the  various  levels  in 
modern  electronics.  All  books  in  the  series  are  geared 
towards  specific  levels  of  electronic  knowledge. 


BJ-8504  $7.00  plus  postage  & packing 

Short  Circuits  Volume  2 

Assumes  the  reader/constructor 
has  knowledge  up  to  the  end  of 
Shorts  Circuits  Vol  1 . 

• Soft  cover  - full  colour  148  pages 

• 205  x 275mm 


BJ-8505  $15.95  plus  postage  & packing 

Short  Circuits  Volume  3 

Extends  the  concept.  After  completing 
Volume  3,  there  would  be  no  reason  why 
you  couldn't  tackle  virtually  any 
construction  project  you  desire! 

• Softcover  - full  colour  128  pages 

• 205  x 278mm 


Checkout  Jay  car's 
extensive  range 

We  have  kits  & electronic 
projects  for  use  in: 

• Audio  & Video 

• Car  & Automotive 

• Computer  • Lighting 

• Power  • Test  & Meters 

• Learning  & Educational 

• General  Electronics  Projects 

• Gifts , Gadgets  & Just  for  fun! 

For  your  FREE  catalog  logon  to 
wwwjaycar.com/catalog 
or  check  out  the  range  at 
wwwjaycar.com 


• ORDER  ON-LINE:  www.jaycar.com 

• PHONE:  1-800-784-0263 

•FAX:  +61 2 8832  3118* 

• EMAIL:  techstore@jaycar.com 

• POST:  P.O.  Box  107,  Rydalmere  NSW  2116  Australia 

• ALL  PRICING  IN  US  DOLLARS 

• MINIMUM  ORDER  ONLY  $25 


KV-3600  $40.75  plus  postage  & packing 

Interface  your 
computer  to  the 
real  world.  There 
are  five  digital 
and  two  variable 
gain  analogue 
inputs.  Eight 
digital  and  two 
analogue  outputs 
are  available.  Supplied  with  all  components,  silk 
screened  PCB,  assembly  manual  and  software. 

• 5 Digital  inputs  • Analogue  input  range  0 to  5VDC 

• 2 Analogue  inputs  with  variable  gain  and 
integrated  counters 

• 8 Open  collector  digital  outputs 

• 2 Analogue  outputs  PWM  or  0 to  5VDC 

• On-board  test  buttons  for  inputs  and  LED 

• USB  powered  • Win98SE  or  above  (Not  NT) 


MMm 


KC-5340  $28.50  plus  postage  & packing 

Program,  erase  and  rewrite  the  program  and  data 
memory  in  your  AVR  microprocessor  without  even 
removing  it  from  the  application  circuit.  This  kit 
connects  to  the  computer  serial  port,  uses  royalty-free 
software  available  on  the 
Internet  and  allows  you  to 
program  a multitude 
of  micros  in  the  AVR 
8-bit  RISC  family  (see 
website  for  full 
listing).  Kit  supplied 
with  PCB,  jiffy  box  with 
silk-screened  lid  and  all 
electronic  components. 


KC-5421  $20.50 
plus  postage  & packing  (To  suit  KC-5340) 

A low  cost  method  of  stand  - alone  programming  for 
when  the  application  board  is  unavailable  or  doesn’t 
include  an  ISP  (or  JTAG)  header.  Program,  erase  and 
rewrite  the  program  and  data  memory  in  your  AVR 
microprocessor  with  this  socket  board.  Kit  includes 
everything  you  need  to  support 
in-system  programming,  PCB 
with  solder  mask  and 
overlay,  clock  source  4, 
and  microcontroller  1C 
socket.  Designed  in  conjunction 
Vwith  KC-5340  AVR  ISP  Serial  Programmer. 


JITi 


m 
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KA-1 81 1 $1 8.95  plus  postage  and  packing 

Turn  your  computer  into  an 
oscilloscope,  audio  monitor  or 
spectrum  analyser!  Plug  the  kit 
into  your  computer's  soundcard 
and  measure  or  monitor  just 
about  any  audio  signal.  Most  PC 
sound  card  inputs  have  a limited 
dynamic  range,  relatively  low  input 
impedance  and  poor  overload  protection  - 
this  kit  will  eliminate  these  limitations  and 
allow  tiny  signals,  like  those  from  op-amps,  to  be 
measured  without  degradation.  Kit  includes  case,  silk- 
screened  front  panel,  PCB,  & all  electronic  components. 

• Optional  CRO  probe  to  suit  our  QC-1902 

• Or  use  it  for  amplifying  a high  quality  microphone 

V for  sampling  J 


- Friday 

) 


KV-3590  $37.95  plus  postage  & packing 

Automate  your  house  and  show  your  friends  how  clever 
you  are!  By  using  our  parallel  port  controller,  you  can 
switch  up  to  eight  separate  devices  on  or  off.  Automate 
your  house,  switch  on  garden  lighting,  turn  on  sprinklers 
or  even  control  your  household  heating  with  this  terrific 
kit.  Each  SPDT  relay  can  handle  10  amps  and  has  an 
LED  to  show  whether  it  is  on  or  off.  Software  is  provided 
on  a 3.5  disk.  Kit  includes 
PCB,  relays,  software,  and 
all  electronic  components. 

• 12VDC  power  required. 


KC-5400  $31 .95  plus 
postage  & packing 

Would  you  like  to  be  alerted  via 
SMS  when  your  burglar  alarm  has  been 
activated,  and  which  sectors  too?  How  about  being 
able  to  also  reset  the  alarm  if  you  are  confident  all  is 
fine?  It  may  seem  futuristic,  but  it  is  all  possible  with  the 
SMS  controller  module.  By  sending  plain  text  messages, 
you  can  control  up  to  eight  devices.  At  the  same  time,  it 
can  also  monitor  four  digital  inputs.  It  works  with  old 
Nokia  handsets  such  as  the  5110,  6110,  3210,  and 
3310,  which  can  be  bought  quite  cheap  if  you  do  not 
already  own  one. 

• Requires  a Nokia  data  cable  which  can  be  readily 
found  in  mobile  phone  accessory  stores. 

• Kit  supplied  with  PCB,  pre-programmed 

Vjmicrocontroller  & all  electronic  components. / 


^Australian  Eastern  Standard  Time  (Monday 
09.00  to  17.30  GMT  + 10  hours  only) 

Expect  10-14  days  for  air  parcel  delivery 


BJ-8502  $7.00  plus  postage  & packing 

Short  Circuits  Volume  1 

Acts  as  an  introduction  to  electronics, 
absolutely  NO  previous  knowledge  of 
electronics  is  needed! 

• Soft  cover  - 96  pages 

• 205  x 275mm 
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MICROPROCESSOR 
CONTROLLED  ■ 


Part  2 

BY  KERRY  BARLOW 


In  Part  1,  software  and  closed 
loop  theory  for  the  wood  stove 
temperature  controller  was  covered. 
This  article  will  detail  the  actual 
hardware  of  the  controller  and 
how  everything  interacts. 

The  wood  stove  controller  may  be  built  using  any 
method  that  is  found  easiest  to  work  with.  PCBs, 
hand  wiring,  wood  or  plastic  boxes  all  will  work  fine  for 
this  project.  I do  not  intend  to  go  into  specific  details 
regarding  measurements,  connectors,  and  pin-outs 
because  I fully  expect  the  readers  to  be  using  their  own 
parts  and  ideas  as  they  build  this  project.  Follow  my  design 
exactly,  or  pick  and  choose  what  features  you  wish  to  use. 


Project  Box 


Wiring 

The  project 
consists  of  hundreds 
of  connections.  For 
mine,  I chose  a DB-25 
serial  connector  for 
the  low  voltage  pass 


The  master  control  box  (Figure  1 ) is  made  from  a 
wooden  box  sold  by  A.C.  Moore.  The  remote  slave  display 
(Figure  2)  is  mounted  in  a plastic  project  box.  I used  a tiny 
plastic  box  to  enclose  the  external  DS1620  temperature 
sensor  (Figure  3).  Do  not  forget!  Anything  used  outdoors 
must  be  waterproof. 
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through  coming  out  of  the  Master  Control  box  and  a six  pin 
high  amperage  connector  for  the  Stepper  motor  power. 
Internal  connections  are  made  using  standard  0.1"  spacing 
printed  circuit  board  (PCB)  headers  and  female  connectors. 

Everything  is  designed  in  a modular  fashion  for  easy 
repairs  in  the  future.  Connectors  should  be  chosen  for 
easy  disassembly  and  repair.  Keep  a log  of  all  connections! 
For  example  in  this  particular  case,  note  the  following: 


unused  I/O  pins  on  the  bottom  of  the  Atom. 

Circuit  Boards 

This  project  consists  of  many  different  circuits.  The 
stepper  motor  driver  board  was  built  using  my  own  circuit 
board  design  (Figure  4),  however  it  is  a simple  circuit  and 
could  just  as  easily  be  soldered  onto  a universal  protoboard. 

The  MAX6675  SOIC  (surface-mount  chip)  is  mounted 
to  another  circuit  board  I designed  (Figure  5).  An  interface 
board  is  needed  to  convert  from  surface-mount  to 
standard  0.1"  spacing,  and  is  available  from  epboard.com. 

The  clock,  indoor  temperature,  outdoor  temperature, 
and  Atom  microprocessor  are  all  mounted  on  universal 
protoboards.  These  boards  may  be  purchased  in  various 
sizes  and  from  many  different  vendors  (see  the  Parts  List). 

Power  Supply 

Power  for  the  entire  project  is  provided  by  a computer 
power  supply  seen  in  the  lower  right  corner  of  (Figure  6). 

It  has  plenty  of  amperage  to  drive  the  stepper  motor  and 
run  the  microprocessor  and  associated  sensors.  It  is 
mounted  directly  inside  the  Master  control  box  (Figure  6). 
The  end  of  the  control  box  is  cut  out  to  allow  access  to 
the  power  supply  plug  and  fan  openings  (Figure  7).  All  extra 
power  output  connectors  are  removed  from  the  power 
supply  simply  for  aesthetics  and  space  considerations. 

Microprocessor  Circuit  Board 


Atom  pin  1 - DB-25  pin  10 

DB25  pin  10  - Slave  PCB  pin  10  (connector  1) 

Slave  PCB  pin  1 (connector  2)  - LCD  PCB  pin  3 

Using  this  method,  in  the  future  you  can  trace  out 
where  the  wires  are  going  and  what  circuit  goes  through 
which  connector  pin.  All  schematics  use  pin  names  that 
correspond  with  the  same  pin  names  on  other  schematics. 

All  switches  (both  manual  and  limit  switches)  use 
pull-down  resistors.  Connect  one  end  of  a switch  to  +5V 
and  the  other  side  of  the  switch  to  the  Atom  pin  which 
already  has  the  pull-down  resistor  installed  on  the  PCB. 
There  are  six  manual  switches  and  two  limit  switches. 

Six  manual  switches  are  tied  together  in  parallel  for 
placement  in  the  master  control  box  and  the  slave  box 
(three  in  each  box). 

The  system  may  now  be  controlled 
from  two  different  locations.  Limit  switches 
are  used  only  for  the  stepper  motor 
travel  limits.  Note  the  following:  The  closed 
limit  switch  CPU  pin  is  shared  with  the 
DS1620  outdoor  temperature  sensor  reset 
line.  The  DQ/DTA  (I/O)  pin  6 on  the  Atom 
is  shared  by  three  components:  indoor 
temperature,  outdoor  temperature,  and 
the  clock.  There  are  four  available 


The  Atom  microprocessor  (Figure  8)  is  mounted  on  a 
universal  protoboard.  This  allows  you  to  swap  out  the  board 
for  diagnostic  testing.  The  board  includes  I/O  connectors, 
serial  programming  port,  power  input  regulator,  power 
LED,  and  a reset  pushbutton.  Note  that  in  the  photograph, 
the  pull-down  resistors  for  all  switches  are  mounted 
directly  underneath  the  Atom  itself.  The  schematic  for  the 
Atom  microprocessor  board  is  shown  in  (Figure  9). 

Max6675  Temperature 
Feedback  Sensor 

I used  MAX6675  with  a K type  thermocouple, 
purchased  my  sensor  from  VirtualVillage.com.  Mount  the 
thermocouple  assembly  in  a convenient  location  inside  the 
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exhaust  flue  pipe.  The  thermocouple 
consists  of  nothing  more  than  a tiny 
drop  of  solder  on  the  ends  of  two 
heat  resistant  wires  (Figure  10). 

You  want  the  thermocouple  far 
enough  away  from  the  fire  that  you 
do  not  get  much  creosote  build-up 
and  it  is  not  wise  to  subject  the 
thermocouple  to  unnecessary  excess 
heat.  Find  a good  location  by  using  a 
magnetic  thermometer  affixed  to  the 
exhaust  pipe.  Pick  a location  that 
has  reasonable  temperature 
variations  without  being  too  hot  for 
safety  reasons.  The  magnetic  thermometer  also  will  aid 
you  in  setting  up  your  high  and  low  limit  temperatures. 
Your  location  may  not  show  a range  of  100-400  degrees 
the  way  mine  does,  so  you  will  have  to  adjust  the  software 
accordingly.  My  thermocouple  is  mounted  approximately 
five  feet  away  from  the  upper  barrel.  The  temperatures 
recorded  here  are  the  relative  exhaust  gas  temperatures 
(100-400  degrees),  not  the  actual  fire  temperature.  This 
will  not  really  matter  because  as  the  fire  temperature  goes 
up,  so  does  the  exhaust  gas  temperature. 

In  (Figure  1 1),  the  thermocouple  assembly  is  mounted 
in  the  flue  pipe.  The  thermocouple  itself  is  not  actually 
visible  in  this  figure.  Slide  the  wire  and  thermocouple  inside 
a 3/8  inch  copper  tube  for  mounting  purposes.  Attach  the 
copper  tube  with  thermocouple  inside  to  the  flue  pipe 
using  a right  angle  bracket.  Apply  high  temperature  silicon 
to  the  outside  wire  end  of  the  copper  tube  to  secure  the 
probe  inside  of  it.  With  the  probe  mounted  inside  the 
copper  tube,  exhaust  gases  and  creosote  are  not  directly 
hitting  the  probe  tip  and  gumming  it  up  with  carbon. 


Mechanically  this  protects  the 
thermocouple  tip,  as  well. 

Dallas-Maxim  recommends  that 
your  thermocouple  sensor  wiring  be 
twisted  to  prevent  electrical 
interference.  A simple  method  for 
twisting  a long  run  of  wire  is  to 
place  one  end  of  your  paired  wire  in 
a vise  and  clamp  the  opposite  end 
into  an  electric  drill.  Spin  the  drill 
slowly  and  twist  the  wire  into  a 
spiral.  Do  not  over  twist!  Twelve 
turns  per  inch  is  plenty.  The 
MAX6675  and  thermocouple 
schematic  is  shown  in  (Figure  12). 

Stepper  Motor  Driver  Board 

I designed  my  own  stepper  motor  driver  PCB  (Figure 
4).  This  is  a carry-over  from  an  old  project.  You  may  easily 
build  your  own  PCB  using  a protoboard  following  the 
schematic  (Figure  13)  or  purchase  a stand-alone  stepper 
motor  driver  chip,  as  listed  in  the  Parts  List.  The  stepper 
coil  drive  transistors  are  mounted  on  the  inside  wall  of  the 
wood  project  box  (Figure  6)  using  transistor  heatsinks. 
Note  in  this  schematic  I sketched  the  power  transistors 
separately  from  the  driver  board  for  clarity  purposes. 

Wiring  connectors  are  not  shown  in  the  schematic 
going  from  the  output  transistor  phases  to  the  stepper  coils. 
A manual  shut-off  switch  is  installed  for  safety  reasons  and 
to  shut  down  the  stepper  motor  during  summer  use. 

Switches  Stepper  Motor 
and  Limit  Switches 
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The  stepper  motor  I used  is  made  by  Slo-Syn 
(Figure  14).  It  is  a 1.8  degree  (200  step/revolution) 
unipolar,  5V,  1.5A  motor  with  a 1/4  inch  diameter 
output  shaft.  Linkage  arms  were  designed  for  the 


38  NUTS1V0LTS  November  2008 


stepper  motor  shaft  and  for  the  exhaust  damper  shaft.  The 
stepper  motor  link  arm  is  connected  to  the  exhaust 
damper  link  arm  using  a long  3/16  inch  push  rod,  (Figure 
14).  Any  diameter  rod  will  work  as  long  as  it  does  not  flex 
while  in  the  'push'  mode.  There  is  very  little  load  on  the 
exhaust  damper  itself,  so  strength  is  not  necessarily  a 
primary  consideration.  See  Figure  1 5 for  a blueprint  of  the 
link  arms.  Weld  a small  block  of  metal  to  the  center  of 
both  arms  and  drill  them  for  a 1/4  inch  shaft  hole.  Next, 
drill  a hole  in  the  block  itself  for  a small  set  screw  that  will 
hold  the  arm  to  the  shaft.  Notice  the  additional  holes 
drilled  in  the  link  arm;  these  are  used  for  travel  adjustment. 
The  outer  holes  will  give  more  travel/per  step  than  the 
inner  holes.  Four  holes  in  both  the  stepper  and  the  exhaust 


link  arms  provide  plenty  of  adjustment.  The  push-pull  tube 
is  inserted  two  inches  from  the  center  shaft  on  both  arms, 
ensuring  a good  range  of  travel  for  the  damper.  Notice  in 
the  blueprint  the  adjustment  bolt  for  the  closed  limit  switch; 
this  bolt  is  not  needed  on  the  exhaust  damper  link  arm. 

Two  limit  switches  are  actuated  by  the  stepper  linkage 
arm.  The  first  switch  limits  wide  open  travel  of  the  damper 
and  the  second  limits  fully  closed  travel. 

Notice  again  in  Figure  14  the  red  limit  switch  has  an 
adjustment  bolt  attached  to  the  linkage  arm.  This  bolt  is 
used  for  setting  the  fully  closed  limit  switch  position. 

The  easiest  way  to  make  this  adjustment  is  to  start  a 
fire  and  when  it  is  hot  and  stable,  begin  closing  the  damper 
until  smoke  begins  back-feeding  out  of  the  flue  (into  the 
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silicon  to  prevent  water  from  leaking  inside.  Note  in  the 
schematics  (Figure  18  and  Figure  19)  that  the  DS1620 
does  not  have  a capacitor  or  resistor  connected  to  it.  The 
DS1620  connected  to  the  Atom  with  a cap  and  resistor 
like  a BASIC  Stamp  uses  will  not  give  an  accurate 
temperature  reading  if  those  components  are  installed. 

DS1302  Clock 

Display  of  time  and  date,  as  well  as  a data  log  of 
temperatures,  is  set  by  the  DS1302  clock  chip.  The  clock 
1C  is  mounted  inside  the  remote  slave  display  case  upstairs 
(Figure  20).  Refer  to  the  schematic  (Figure  19)  for  wiring 
details.  The  indoor  DS1620  and  the  DS1302  are  mounted 
on  a small  universal  protoboard  (Figure  16).  Use  an 
external  battery  to  store  clock  time  in  the  event  of  a 


■ NOTE:  DO  NOT  use  a capacitor  or  resistor  on 
DS1620  when  using  Atom  microprocessors. 
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house  area).  Slowly  open  the  damper  until  the  smoke  stops. 
This  is  the  minimum  that  you  ever  would  want  the  damper 
closed  while  the  fire  is  operating.  Attach  the  push-pull  tube 
or  adjust  your  linkage  at  this  position  so  that  the  closed  limit 
switch  is  activated.  In  my  application, 
this  is  approximately  25  degrees  open. 


DS1 620  Indoor  and 
Outdoor  Temperatures 

The  indoor  DS1  620 
temperature  chip  is  mounted  on 
the  slave  circuit  board  (Figure  16). 

For  the  outdoor  DS1620  sensor, 
the  PCB  (Figure  17)  is  mounted 
inside  a plastic  construction  box 
(Figure  3).  The  edges  are  sealed  with 
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power  failure.  You  do  not 
need  to  get  fancy  here;  I 
simply  used  an  old  battery 
pack  I had  in  my  parts  bin  and 
it  has  worked  fine. 

Crystal  considerations  for 
the  clock  are  important.  Dallas 
recommends  various  types  of 
crystals  that  will  work  with  this 
clock  chip.  I recommend  you 
follow  the  Dallas  datasheet. 

Dallas  recommends  a 32,768 
kHz  crystal  with  a 6 pF  load 
capacitance.  Parallax  sells  a 
compatible  crystal  and  I have 
listed  the  order  number  in  the  Parts  List. 

LCD  Display 

A 24  character  by  two  line  LCD  display  using  the 
Hitachi  44780  parallel  standard  was  installed.  The 
serial-to-parallel  driver  chip  for  the  LCD  comes  from 
Kronos  Robotics  (www.kronosrobotics.com)  and  is  called 
a Serial  LCD  1 chip  (Figure  21).  I designed  my  own  circuit 
board  for  this  chip,  however  I recommend  you  purchase 
the  Kronos  LCD  kit  including  the  chip  and  PCB. 


working  control  loop  code.  You  can  easily  copy  sections 
from  the  main  program  ("wood stove. bs)  — available  on  the 
Nuts  & Volts  website  — as  needed  for  testing  purposes. 
After  you  have  the  control  loop  working  and  controlling 
the  wood  stove's  exhaust  damper,  add  in  the  extra 
features  such  as  temperature  and  data  log  code.  A master 
and  slave  control  box  is  not  strictly  necessary  either,  but  it 
is  here  if  you  need  it! 

Help  is  only  an  email  away.  I encourage  anyone  with 
problems  to  write  me  with  any  questions  they  may  have  at 
admin@mntnweb.com.  NV 


Conclusion 


This  project  was  considerably  more  involved  then  I 
originally  expected.  Many  bugs  in  the  software  and 
hardware  problems  occurred,  actually  too  numerous  to 
mention  here. 

I advise  anyone  building  this  project  to  start  off 
simple.  Start  off  by  breadboarding  everything  you  can  and 
get  the  hardware  and  software  operating  on  the  bench 
top  first.  For  example,  get  your  stepper  motor  and  control 
board  working,  then  get  the  MAX6675  and  thermocouple 
working.  Next,  put  both  pieces  together  and  write  some 


PARTS  LIST 

ITEM 

SUPPLIER  WEBSITE 

PART  # 

Atom  24  pin  CPU 

http://BasicMicro.Com 

B0017 

Dallas  Maxim  ICs 

www.maxim-ic.com/ 

DS1302, 

DS1620, 

Max6675 

Max6675 

www.jameco.com 

884766 

DS1302 

www.jameco.com 

176778 

DS1620 

www.jameco.com 

114382 

FleatsinkTO-3 

www.jameco.com 

151546 

Crystal 

www.parallax.com/ 

251-03230 

SOIC  Adapter 

http://epboard.com/ 

E8-0003 

Thermocouple 

www.virtualvillage.com/ 

TP-01 

LCD  24x2 

www.allelectronics.com 

LCD-107 

Stepper 

www.motors.wrobots.com 

Various 

models 

available 

Stepper  1C 

www.elabinc.com/ 

EDE1200 

Protoboard 

http://unicornelex.com/ 

32-3004 

2.4  GHz  Wireless  Audio  Modules 

ft  UrttSrEipre&syd  diyilu  wirgl^v*  tyrmiii  for  high  quality  S.lur£p 
H4TlKHz  digital  sampling  rate  witn  16  bit  resolution 
MFSK  digital  modulation  on  Z,AQM7r  +/-  100KH?  Ability 

■ Embedded  antenna  with  drvnr&.ty  receiver  antenna 

■ 8 selectable  channe  - wFth  0Mh-  rnannpf  spacing 
H'j.&Vtie  to  SVdc  opHMtiun,  93rnA  (lyp):  Transmitter 

1 SVdc  operation^  65nnA(lyp):  Receiver 

■ Transmitter  dimensions:  1.8"  * P.2 5" 

ft  Reeuiuer  dlrr^nsrons:  x 1,74" 


tx-aud  n 


RX -AUDIO-24 
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QUALITY  Parts 
FAST  Shipping 
DISCOUNT  Pricing 


CALL,  WRITE,  FAX  or  E-MAIL 
for  a FREE  96  page  catalog. 
Outside  the  U.S.A.  send  $3.00  postage. 


DUAL  BINDING 
POST 

Red  / black.  0.75"  centers. 

CAT#  BP-25 


10  for  $21.00 


TEST  LEADS,  BANANA  PLUG 
TO  MINI-GRABBERS 

Red  and  black 
lead  set  with 
banana  plug  on 
one  end  and  mini-grabbers 
on  other  end.  36"  long. 

Mini-hooks  provide 
a firm,  insulated 
connection  to  small 
terminals  and  wires  in 
high-density  areas. 

CAT#  TL-5 


LITHIUM  BATTERY  CR123A 

High-energy  Reliant  Lithium  Battery. 

3V,  1300  mAh.  Long-life  power 
source  used  in  high-performance 
flashlights,  cameras  and  digital 
electronics.  1.34"  long  x 0.65"  dia. 
Replaces:  Energizer  EL123APB2, 
Duracell  DL202,  Panasonic  CR123A, 
Kodak  K123LA,  GE  Sanyo  CR123A. 

Best  if  used  by  2015.  £ rl  C n 

CAT#  LBAT-1 23 


10  for  $1.25  each  • 200  for  900  each 


3- 

ility  / ~- 

3tor.iF?T| 


12  VDC  58  RPM  MINI-MOTOR 

Sayama  #12SM-AT3. 

Compact,  good-quality 
12Vdc  gearhead  motor. 

58RPM,  @ 12Vdc, 

20mA  (no-load).  12mm  diameter  x 
35mm  long.  Solder-lug  terminals. 

2mm  diameter  x 6mm  long  flatted  shaft. 
CAT#  DCM-318 


$121 


240  X 64  LCD  WITH  EL 
BACKLIGHT 

Hantronix 

# HDM64GS24Y-4- 
XA1F.  180mm  x 
65mm  x 10mm 
graphic  display  module.  Viewing  area: 
132mm  x 38mm.  EL  backlight.  Spec/hook-up 
diagram  available. 

CAT#  LCD-125  QV|OJu 

^ each 


INVERTER  FOR 
EL  STRIP,  5VDC 

NEC  # INV-TH-204(2). 

Operates  on  3 to  5.5  Vdc. 

For  EL  panels  with  surface  area 
of  80  cm2  or  less.  Plastic  encapsulated  case, 
32  x 21  x 9mm.  PC  pins. 

each 


CAT#  INV-204 


HEATSINK,  82  X 68  X 37MM 

Aluminum  heatsink  with 
26  cooling  fins. 

Bottom  surface 
has  a 1 .4"  square 
thermal  compound 
patch,  pre-applied, 
ready  for  use. 

Weight  - 9 oz. 

CAT#  HS-151 


10MW  LASER  MODULE,  635NM 


I 

Coherent  #0222-021-01 
New,  industrial-quality  lOmW  diode  laser 
module.  635nM,  VLM2.  0.58"  diameter  x 
1.36"  long.  36"  wire  leads. 

Class  lllb  Non-Conforming 
Spot  Size:  1.3mm  (typical) 

Divergence:  0.7mrad  (typical) 

Power  Supply:  5-10VDC 
Recommend  5Vdc  <fc7noo 

CAT#  DLM-1  'P  f Ueach 


FERRITE  SPLIT  BEAD, 
0.5"  ID  (13MM) 

For  cables  up  to 
0.52"  diameter. 

Ferrite  split  beads 
are  used  to  suppress 
RFI,  EMI  and  un- 
wanted spurious  si- 
gnals. Self-locking 
plastic  snap  sleeve. 

O.D.  1.18"  x 1.18"  x 1.25 
CAT#  FB-74 


00 

each 


WASHABLE  COMPUTER 
KEYBOARD 


Unotron  S5100K.  Slim,  stylish,  fully-washable 
high-quality  keyboard.  Protection  from  liquids 
and  dust  to  NEMA4X  and  IP66  standard.  Use 
with  confidence  in  home  and  work  environ- 
ments; even  wash  it  under  a tap. 

104  key  set  including  number  keypad,  function 
keys  and  15  Hot  Keys  for  one-touch  multi- 
media  and  internet.  Easy,  plug-and-play  instal- 
lation USB  connector.  Includes  USB  to  PS2 
Adapter.  For  Windows(TM)  95/98/M E/2000/XP. 
CAT#  KBD-24 
10  for  $6.25  each 


12VDC  40MM  COOLING  FAN 

# BP1240M.  12Vdc,  0.08A 
brushless  DC  cooling  fan. 

Two  12"  leads.  40mm  x 
40mm  x 12mm.  UL,  CSA, 

CE,  TUV  CAT#  CF-318 

0 

each 


$32 
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MICROPROCESSOR 

CONTROLLED 


BY  DAVE  BAKER,  JOHNTOEBES,  AND  MARK  SCHNELL 

Christmas  is  a great  time  of  year  for  many  of  us 
and  provides  a great  opportunity  to  share  our 
gifts  with  one  another.  Over  the  years,  we  have 
seen  a few  designs  for  electronic  Christmas 
Trees,  and  we  created  our  own  design  to  make 
as  gifts  for  friends  and  family  alike. 


The  key  to  this  design  and  its  popularity  (not  to  mention 
a few  "tree  custody  battles")  has  been  the  combination 
of  the  simplicity  of  the  design,  the  visual  appearance  of 
the  components  on  the  board,  the  fun  patterns  it  displays, 
and  the  long  battery  life.  By  putting  all  of  the  components 
out  in  the  open,  they  become  an  actual  part  of  the 
product  and  not  just  the  "guts  inside  the  case."  For  the 
electronic  hobbyist,  it  provides  an  opportunity  to  really 
show  off  those  valuable  soldering  skills. 

Our  first  Tree  1 .0  design  was  done  over  1 0 years  ago 
and  we  have  been  talking  about  all  the  improvements  that 
Tree  2.0  would  have  including  sound,  multi-color  LEDs, 
remote  controls,  programmability,  and  even  anti-gravity, 
but  we  decided  that  there  was  a lot  of  value  in  just  an 
incremental  upgrade  in  the  original  design  to  add  USB 
power,  better  power  management,  and  more  patterns.  As 
can  be  expected  with  any  project  though,  Tree  1.1  turned 
out  to  be  a major  redesign  of  several  parts  including  a 
new  processor  with  more  space,  completely  new 
software,  and  a lot  of  fun. 

We've  paid  particular  attention  to  power  management 
with  the  Tree  1 .1  design  so  that  a single  set  of  batteries 
will  keep  the  tree  running  through  multiple  Christmas 
seasons.  The  current  record  for  Tree  1.0  is  a tree  that  ran 
continuously  from  before  Thanksgiving  until  after  Easter  on 
a single  set  of  batteries.  Many  10  year  old  trees  still  have 
their  first  set  of  batteries  in  them,  yet  are  used  every  year. 


Theory  of  Operation 

In  addition  to  the  PIC16F685  microprocessor,  there  are 
four  different  hardware  functional  blocks  in  the  Tree  1.1  design 
(Figure  1).  First  and  foremost,  of  course,  is  the  multiplexed 
LED  display;  a four  column  by  eight  row  array  of  different 
color  LEDs.  Next  is  the  power  supply  block.  Finally,  to  round 
out  the  design  we  have  a USB  power  detect  function  and 
a momentary  on,  pushbutton  function.  The  multiplexed  LED 
display  is  by  far  the  most  interesting,  so  let's  start  there. 

Multiplexed  LED  Display 

The  human  eye  is  a wonderful  organ.  It  is  amazingly 
sensitive  and  is  the  conduit  through  which  vast  amounts  of 
information  can  find  its  way  to  our  brains.  But  the  eye  also 
has  its  quirks  and  idiosyncrasies.  The  quirk  that  we  are 
going  to  take  advantage  of  here  is  "persistence  of  vision." 
Think  feature  films  with  their  frame  rate  of  24  frames  per 
second.  Or,  your  computer  monitor's  refresh  rate  of  60 
Hz,  70  Hz,  or  even  85  Hz.  It  is  this  ability  of  our  eye  to 
perceive  a rapid  succession  of  slightly  changing  still 
images  as  motion  that  we  will  take  advantage  of  here. 

This  design  has  32  LEDs  in  it.  From  a practical  sense,  it 
would  be  possible  to  find  a larger  microprocessor  that  had 
32  I/O  pins  and  directly  connected  each  LED  to  one  of 
them.  While  such  a brute  force  design  would  work  for  the 
tree  design  (although  the  cost  of  the  microprocessor 
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would  go  up  significantly),  such  a strategy  is  certainly  not 
generally  applicable. 

Consider  a simple  black  and  white  computer  monitor 
with  a 1,024  x 768  resolution.  Using  a multiplexed  display 
strategy,  such  a display  could  be  implemented  using  1,024 
columns  and  768  rows,  requiring  a total  of  1,792  I/O 
pins  from  some  control  block.  On  the  other  hand,  if  a 
non-multiplex,  direct  drive  display  strategy  was  used  for 
the  same  display,  the  control  block  would  need  1,024 
times  768,  or  786,432  I/O  pins.  Not  a very  practical 
solution.  So,  let's  move  back  to  the  more  practical  and 
cost-effective  multiplexed  display  strategy. 

For  this  design,  at  any  given  instant  only  one  of  the 
four  column  transistors  (Q1-Q4)  is  turned  on.  The  overall 
refresh  rate  of  the  Tree  1.1  design  is  nominally  70  Hz 
(or  a refresh  period  of  approximately  14.3  ms).  Given  that 
there  are  four  columns  in  the  design,  a specific  column 
transistor  stays  on  for  approximately  1/4  of  the  overall 
refresh  period.  Thus,  each  of  the  column  transistors  stay 
on  for  approximately  3.6  ms  before  it  is  turned  off  and  the 
next  column  transistor  is  turned  on.  Remember  this  3.6  ms 
"column  time."  We  will  come  back  to  it. 

While  a given  column  transistor  is  turned  on,  the 
software  then  turns  on  zero  to  eight  of  the  row  transistors 
(Q5-Q12).  If  both  a column  transistor  and  a row  transistor 
are  turned  on,  the  corresponding  LED  in  the  array  will 
have  current  following  through  it  and  will  light  up.  Which 
row  transistors  are  turned  on  (and  for  how  long)  is 
dependant  upon  the  particular  pattern  being  displayed. 
This  aspect  of  "how  long"  the  row  transistors  are  turned 
on  is  what  controls  the  relative  brightness  of  the  LED. 

In  this  design,  we  have  LEDs  that  — at  any  instant  in 
time  — are  on  or  off.  By  varying  how  long  each  of  the  row 
transistors  are  turned  on  for,  the  design  supports  varying 
levels  of  brightness  which  our  software  uses  to  construct 
all  of  the  visible  patterns.  In  Tree  1.1,  we  have 
approximately  200  different  brightness  levels.  The  "levell" 
LED  brightness  is  obtained  by  turning  on  a row  transistor 
for  1 /200th  of  the  3.6  ms  column  time  (a  bit  less  than  2 
ps).  Similarly,  "levell 00"  and  "levell  50"  LED  brightness  is 
obtained  by  turning  on  the  row  transistors  for  100/200th 
and  150/200th  of  the  3.6  ms  column  time  (about  1.8 
and  2.7  ms,  respectively). 

Collectively,  this  strategy  of  varying  how  long  the  row 
transistors  are  on  to  generate  the  different  brightness 
levels  is  called  Pulse  Width  Modulation  (PWM).  It  is  a 
tried  and  true  method  to  allow  a digital  system  to  emulate 
the  continuous  behavior  of  an  analog  system.  In  any  PWM 
system,  there  is  a digital  signal  source  that  varies  it  duty 
cycle  or  pulse  width.  (In  our  case,  this  is  the  row  transistor 
control  signals;  I/O  pins  RC7-0.)  Then  there  needs  to  be 
some  sort  of  smoothing  or  averaging  function.  Often  it  is 
a capacitor  but,  in  this  case,  the  averaging  function  is  the 
human  eye  itself  via  its  persistence  of  vision. 

The  only  idiosyncrasy  remaining  is  how  the 
microprocessor  actually  turns  on  the  column  and  row 
transistors.  The  column  transistors  are  NPN  devices  with 


their  emitters  tied  to  ground.  To  turn  these  transistors  on, 
the  software  must  drive  a logic  1 to  the  associated  I/O 
pins  (RB7-4).  The  row  transistors  (Q5-Q12)  are  PNP 
devices  with  their  emitters  tied  to  Vdd.  To  turn  these 
transistors  on,  the  software  must  drive  a logic  0 to  the 
associated  I/O  pin  (RC7-0) 

The  resistors  (R9-R12,  R13-R20)  connected  to  the 
base  of  the  column  and  row  transistors  have  had  their 
values  selected  such  that  the  transistors  will  go  into 
saturation,  resulting  in  the  smallest  achievable  voltage 
drop  between  the  collector  and  emitter  (Vce).  This,  in 
turn,  results  in  the  largest  voltage  possible  across  the  LEDs. 
This  results  in  the  maximum  LED  brightness  at  low  Vdd 
values;  such  as  when  the  design  is  running  on  batteries 
that  are  almost  empty. 

As  it  happens,  this  LED  brightness  — or  at  least  the 
relative  brightness  — was  a bit  tedious  to  get  right  across 
four  different  color  LEDs.  The  first  thing  you  find  out  when 
researching  LEDs  is  that,  it  you  really  care  about  relative 
brightness,  LEDs  are  not  really  interchangeable  between 
vendors.  We  found  it  impractical  to  get  the  same  color 
LEDs  from  two  different  vendors  and  mix  them  on  the 
same  board.  The  difference  in  brightness  was  quite 
noticeable  and  really  threw  off  the  visual  effects.  We  also 
found  it  was  impractical  to  even  get  two  LED  colors  from 
vendor  A and  two  others  from  vendor  B and  use  them  on 
the  same  board.  The  resulting  mixed  vendor  LED  displays 
also  had  noticeable  brightness  differences  between  the 
colors.  In  the  end,  we  settled  upon  — for  any  given  tree  — 
that  we  had  to  use  LEDs  from  the  same  vendor  and  from 
the  same  LED  family  within  that  vendor.  Only  then  were 
the  differences  in  the  LED  brightness  minimized. 

Power  Supply 

The  power  supply  operation  is  extremely  simple.  The 
two  possible  power  sources  (USB  connector  power  and 
D cell  battery  power)  are  simply  diode  OR-ed  together. 

The  power  source  with  the  higher  voltage  will  be  used  to 
power  the  tree  design.  The  USB  connector  power  supplies 
a regulated  5 VDC.  The  two  D cell  batteries  supply  a 
nominal  3 VDC. 

In  this  design,  the  specific  diodes  chosen  were 
1 N581  7,  general-purpose  Schottky  diodes.  Schottky 
diodes  have  the  property  of  a very  low  forward  voltage 
drop.  Minimizing  the  forward  drop  across  the  diode  is  a 
key  consideration  when  the  tree  is  battery  powered.  In 
this  design,  the  overall  current  consumption  is  quite  low 
with  a peak  current  of  ~50  mA  and  an  average  current  of 
less  than  ~5  mA.  With  that  level  of  current  consumption, 
the  forward  voltage  drop  on  the  1 N581  7 falls  into  the 
0.2  VDC  or  under  range,  making  a Schottky  diode 
OR-ing  strategy  a very  simple  and  cost-effective  power 
selecting  function. 

In  practice,  any  time  the  tree  is  plugged  into  a 
powered  USB  cable,  the  tree  will  run  off  of  the  USB 
power  and  the  design  will  receive  4.8  VDC  on  the  Vdd 
power  rail.  Otherwise,  the  batteries  are  used  and  the 
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design  will  receive  2.8  VDC  on  the  Vdd  power  rail. 

USB  Power  Detect 

As  described  in  the  previous  section,  the  Vdd  power 
rail  of  the  design  can  be  either  4.8  or  2.8  VDC.  While  the 
operation  of  the  processor  will  not  be  affected  (the 
PIC16F685  has  a 2. 0-5. 5 VDC  operating  range),  the  LED 
array  is  a different  matter.  If  the  SW  in  the  tree  were  left 
unaware,  the  difference  in  the  Vdd  power  rails  would 
appear  as  a very  noticeable  brightness  difference  in  the 
LEDs.  To  prevent  that,  the  design  includes  a trivial  USB 
power  detection  circuit. 

If  a powered  USB  cable  is  connected,  the  USB.DETECT+ 
signal  will  be  connected  to  the  USB  5 VDC  power  pin  which 
will  result  in  the  PIC16F685  I/O  pin  RAO  being  seen 
as  a logic  1 to  software.  If  a powered  USB  cable  is  not 
connected,  the  USB.DETECT+  signal  will  be  left  floating 
and  the  10K  ohm,  R23  resistor  will  pull  the  USB.DETECT+ 
signal  to  ground,  which  will  result  in  the  PIC16F685  I/O 
pin  RAO  being  seen  as  a logic  0 to  software. 

Note  that  while  Tree  1.1  uses  USB  power,  it  will  not 
appear  as  any  device  on  your  computer.  It  is  only  — what 


we  like  to  call  — a power  sucking  alien.  The  peak  current 
of  ~50  mA  and  the  average  current  of  ~5  mA  make  Tree 
1.1 's  power  consumption  far  too  low  to  be  noticed  by  the 
USB  power  management  functionality  in  your  computer. 
(The  power  management  gets  involved  when  a USB 
device  wants  more  than  100  mA  continuously.) 


Pushbutton 

There  is  one  momentary  on  pushbutton  on  the  design. 
This  pushbutton  is  combined  with  the  10K  pull-up  resistor 
R22.  The  resulting  signal  PATT.CHG  is  connected  to  the 
MCLR-  (Master  CLeaR-)  pin  of  the  PIC16F685.  When  this 
button  is  pressed,  the  PATT.CHG  signal  will  go  low  and 
reset  the  PIC16F685  through  the  MCLR-  pin.  Through  a 
bit  of  clever  programming,  this  single  button  functions  as 
both  the  pattern  change  button  when  the  tree  is  active 
and  as  the  "wake  up"  button  to  reactivate  a tree  that  has 
been  turned  off.  See  the  software  section  for  more  details. 


PCB  Layout 


The  layout  of  this  design  (shown  in  Figure  2)  was 

dictated  almost  entirely  by  its  visual  appearance. 
A typical  design  would  use  the  electrical 
properties  of  the  embedded  components 
and/or  their  functional  requirements  as  the  driver 
for  the  layout. 


Component  Placement 

The  placing  of  the  components  was  almost 
entirely  driven  by  "What  will  the  components 
look  like  on  the  board?"  The  LEDs,  obviously, 
become  the  lights  of  the  Christmas  tree.  But  what 
of  the  other  components;  what  is  their  role?  Well, 
besides  lights,  decorations  are  the  other  typical 
item  to  put  on  a Christmas  tree.  Thus,  the 
transistors,  resistors,  and  diodes  are  all  the 
decorations  of  the  design. 

If  your  house  is  anything  like  ours,  the 
excited  little  ones  around  the  Christmas  tree 
during  the  decorating  process  don't  always  get 
things  just  perfect.  In  that  spirit,  the  decorations 
of  our  tree  design  are  not  "just  perfect."  The 
decorations  of  this  tree  are  clumped  together 
here  and  spread  out  there,  all  to  make  the  overall 
effect  more  realistic. 

Routing 

The  last  visual  attribute  that  we  worked  on 
was  the  routing.  In  this  case,  the  routing  on  the 
component  side  of  the  tree  is  the  vertical  routing 
layer.  We  deliberately  chose  vertical  routing  on 
the  front  of  the  tree  to  mimic  tinsel  on  a real  tree. 

Writing  the  Software 
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No  microprocessor-based  design  is  useful 


without  the  software.  The  heart  of  Tree  1.1  is  a PIC16F685 
processor  from  Microchip.  It  has  4,096  words  of  program 
space  arranged  as  four  1 K program  banks.  The  data  space 
is  organized  as  three  banks  of  80  bytes,  resulting  in  a total 
of  240  bytes.  In  addition  to  the  unique  80  bytes  per  bank, 
there  is  also  a common  16  bytes  that  are  accessible  from 
all  three  of  the  data  banks.  The  PIC16F685  has  three  I/O 
ports:  Port  C with  eight  bits  which  we  use  as  output  to 
control  the  row  transistors;  Port  B where  the  high  order 
four  bits  are  used  as  output  to  select  the  LED  column;  and 
Port  A where  we  use  the  low  order  bit  as  an  input  to 
detect  USB  power. 

In  order  to  fit  the  code  for  Tree  1.1  into  the  processor 
space,  we  opted  to  code  everything  in  assembler  using 
the  MPLAB  MPASM  tool  which  you  can  get  for  free 
from  the  Microchip  website.  Fortunately,  you  don't  have 
to  know  assembler  to  build  the  tree.  We've  provided 
the  code  already  and  an  available  kit  includes  a 
pre-programmed  PIC16F685.  For  those  of  you  who 
are  comfortable  with  assembler,  there  are  a few  tricks 
that  we  have  used  to  squeeze  it  all  in.  All  of  the  code  is 
available  for  download  from  our  website  at 
www.MyOtherMind.com/go/PicMasTree  along  with 
detailed  flow  charts  of  how  everything  works. 


of  Port  A is  set  as  an  input  for  reading  the  USB.DETECT+ 
signal,  and  Ports  B and  C are  set  as  outputs  to  drive  the 
LEDs.  We  also  make  sure  that  the  processor  is  running  at 
4 MHz  and  set  up  Timerl  to  divide  the  4 MHz  system 
clock  by  four  for  timing  how  often  we  refresh  the  LEDs. 
We  had  considered  using  timer  interrupts  to  allow  it  to 
sleep  while  waiting  for  refresh,  but  it  would  have  required 
an  external  crystal. 

Since  the  Change  Pattern  button  is  connected  to  the 
MCLR-  pin,  we  also  enter  this  start-up  code  when  the 
button  is  pressed,  so  we  have  to  determine  whether  it  is 
the  first  time  the  tree  is  turned  on  or  if  the  user  has  just 
pressed  the  button  again.  The  PIC16F685  has  a single  bit 
that  is  guaranteed  to  be  set  to  zero  when  power  is  first 
applied.  We  take  advantage  of  this  bit  by  simply  setting  it 
to  one  after  we  run  the  code  the  first  time.  This  way 
when  we  reset  again,  if  it  is  still  a one,  we  know  the  user 
has  pressed  the  Change  Pattern  button  as  opposed  to 
powering  up  the  tree  again.  Figure  3 shows  the  flow  of  all 
the  logic  we  use  immediately  after  a reset  or  power-up. 

LED  Management 

As  we  mentioned  in  the  hardware  section,  we  had 


Memory  Layout 

To  make  the  code  efficient,  we  had  to  use  a lot  of 
data  tables.  Since  there  is  no  ability  to  index  code 
memory  easily,  it  has  to  be  done  by  doing  a computed 
jump  into  a sequence  of  RETLW  instructions.  Due  to  the 
bank  structure  of  the  PIC16F685,  the  pattern  table  has 
to  fit  within  the  same  256  byte  page  of  memory.  After 
debugging  misaligned  pattern  tables  and  even  indexing 
past  the  end  of  the  pattern  tables,  we  wrote  a set  of 
macros  to  test  for  these  conditions  and  warn  at  compile 
time  of  a need  to  relocate  a pattern  table.  These 
STARTTABLE  and  ENDTABLE  macros  generate  the 
code  to  automatically  manage  the  PCLATH/PCHIGH 
registers  necessary  for  the  computed  jump  and  make 
sure  that  the  start  and  end  of  each  pattern  table  is  in 
the  same  page. 

The  layout  of  the  data  registers  took  a bit  of 
consideration.  The  80  bytes  in  the  first  data  bank  are 
used  for  the  main  code  and  all  of  the  pattern  table 
based  functions.  The  16  shared  registers  are  reserved 
for  the  information  which  is  shared  between  the  pattern 
table  functions  and  the  advanced  pattern  functions. 

The  other  two  data  banks  are  exclusively  used  for  the 
advanced  pattern  functions.  (More  on  the  advanced 
pattern  functions  in  a little  bit.)  We  also  eliminated  a lot 
of  bank  switching  code  by  keeping  all  of  the  base  code 
and  pattern  tables  in  the  first  code  bank. 

Power-up 

When  the  PIC16F685  is  powered  up,  it  starts  at 
location  0 which  we  use  to  jump  to  our  start-up  routine. 
During  initialization,  we  set  all  the  ports  to  digital;  Bit  0 


November  2008  NUTS  1 VOLTS  47 


Ffeghl  Split  OMHfll  Lei;  Hi 

gj-i  Itfl  DwiMf 

Dl|  D24  DS2 

»■ 

-^024  032 

Cl  [K 

□1  i U2G  IM1 

LT r □ 

5 4K5  OH 

C0  PD 

f*M  Dga  DSD 

"1 

\ 

Dai  02H 

i- 

|,3  CIS 

CA 

1 

nun  rii-H 

11 

|v  r&Q  Ofi 

Ci  DG 

Dll 

□11  DEtf 

LV-  DM  Die  03 7 

*1  HI 

| nifl  pa? 

3° 

jlj  Cnit  GW- 

11 

□1 7 

DSEi 

BIU 

| 017 

03 

”L 

HUG 

FIBS 

=11 

Bf; . 

D 

■:J  ’ 

■ FIGURE  4 

O O G Off  going  an 
© © I On  gapig  off 
ooo  Off  - Slays  off 
• • • ON  - Stays  on 


one  main  concern  with  writing  the  code  for  the  tree:  How 
do  we  manage  the  LED  displays?  The  hardware  design 
decisions  for  power  management  also  require  the  software 
to  be  just  as  efficient.  This  is  simply  the  nature  of  running 
on  batteries.  This  means  that  we  want  to  turn  on  the  LEDs 
for  the  minimum  amount  of  time  to  achieve  the  brightness 
levels  desired.  (One  minor  challenge  that  came  into  play 
with  the  use  of  a USB  power  option  is  that  we  wanted  the 
LED  brightness  to  be  the  same  regardless  of  the  power 
source.)  As  a refresh  time  base,  we  use  TIMER1  to  drive  a 
refresh  of  all  four  columns  approximately  70  times  each 
second  (i.e.,  every  14.3  ms). 

We  are  able  to  roll  all  of  these  concerns  into  a single 
routine  REFRESHCOL  which  turns  on  the  LEDs  in  a 
single  column  based  on  a series  of  masks  and  time 
intervals  to  apply  those  masks  for.  In  the  case  of  battery 
power,  these  on  times  are  increased  by  60%  to 
account  for  the  difference  in  the  power  rail  voltage  levels 
(4.8  VDC  for  USB  and  2.8  VDC  for  batteries).  This 
approach  allows  us  to  have  200  different  brightness  levels 
for  any  LED  by  simply  changing  the  amount  of  time  we 
leave  it  on  for.  For  a single  refresh  cycle,  we  call  this 
REFRESHCOL  routine  four  times  — once  for  each  column 
— and  then  wait  until  the  timer  tells  us  when  it  is  time  to 
start  the  refresh  cycle  again.  By  slowly  increasing  or 
decreasing  the  amount  of  time  an  individual  LED  is  on, 
the  variable  LED  brightness  is  achieved.  Figure  4 shows  an 
example  of  two  refresh  cycles  (i.e.,  two  of  our  14.3  ms 
intervals). 

For  example,  when  we  refresh  the  first  column  by 
turning  on  Port  B,  bit  7 and  then  sending  a B'l  011011  O' 
to  Port  C,  we  turn  on  green  LED  D2,  orange  LED  D5,  and 
red  LED  D8  on  the  lefthand  side  of  the  board.  When  the 
timer  rolls  around  and  we  get  back  to  the  same  column, 
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we  turn  the  LEDs  on  for  a 
shorter  amount  of  time. 
Continuing  with  our  LEDs 
of  interest  (D2,  D5,  D8), 
the  net  effect  is  that  the 
LEDs  appear  to  be 
dimming. 

Patterns 

Tree  1.1  comes  with 
several  patterns  that  are 
displayed  either  via  the 
pattern  data  table  look-up 
technique  or  via  the 
advanced  pattern 
technique.  The 
information  for  the 
pattern  table  is  generated 
from  an  Excel  spreadsheet 
that  you  can  download 
from  the  website.  As  you 
can  see  in  Figure  5,  we 
just  use  the  symbols  to 
draw  the  state  of  the  tree  at  each  phase  (LED  going  on, 
off;  staying  on  or  staying  off)  and  the  included  Excel 
macros  examine  the  symbols  to  automatically  generate 
the  pattern  tables  that  we  use  in  the  code.  By  sizing  the 
window  exactly  right,  we  can  page  down/up  in  the 
spreadsheet  to  see  an  animation  of  the  lights  of  the  tree. 
This  visual  programming  approach  made  it  easy  to 
develop  a number  of  the  patterns  on  the  tree. 

These  patterns  are  represented  as  schemes  in  the 
code  marked  with  a DEFSCHEME  macro.  For  example, 
the  start-up  pattern  is  coded  as: 

DEFSCHEME 

PAT_STARTUP, .1, .100, TAB_STARTUP , 0 , 0 , 0 , 0 , PAT_MARQUIS , 
M_STARTUP  | M_NOWRAP 

which  tells  us  that  it  will  run  one  time  and  that  each 
LED  sequence  will  go  100  times  — approximately  1-1/4 
seconds.  It  also  tells  us  that  we  are  to  use  the  mask  tables 
without  wrapping  around  when  we  get  to  the  end.  These 
tables  include  the  initial  and  ending  values  for  the  LEDs. 
The  initial  values  are  found  by  looking  for  the 
TAB_STARTUP9999  entry  which  looks  like 

TAB_STARTUP 9999 

RETLW  B'  11111111 ' ; 0 - Off,  then  turn  on 

This  tells  us  that  we  will  start  the  sequence  of  100 
times  by  having  all  the  LEDs  off.  The  other  half  of  this 
information  can  be  found  in  the  toggle  table  which  has 
an  entry  like: 

TOG_STARTUP 

RETLW  B' 00000000'  ; 0 - Off,  then  turn  on 


which  tells  us  that  we  will  end  the  sequence  with  all  the 
LEDs  on.  We  divide  our  200  possible  levels  by  the  100 
steps  and  find  that  we  need  to  increment  the  time  on  for 
the  LED  by  two  each  step  of  the  way.  Assuming  we  are  on 
battery,  the  LED  is  on  for  six  instructions  the  first  time, 
increasing  to  600  instructions  by  the  time  we  are  at  the 
end.  The  effect  that  you  see  is  an  LED  glowing  on. 

Advanced  Patterns 

While  the  pattern  tables  allow  us  to  do  some 
interesting  things,  they  are  limited  based  on  the  table  size. 
The  extra  memory  in  the  PIC16F685  allowed  us  to  write 
more  complex  patterns  with  random  numbers  to  allow  us 
to  turn  on  and  off  individual  LEDs  in  completely  different 
patterns.  For  these  advanced  patterns,  we  use  a trick  of 
pretending  that  there  is  only  a couple  entries  in  the 
pattern  table  and  instead  of  returning  a value,  we  actually 
use  it  to  jump  to  the  code  to  generate  the  advanced 
pattern.  The  flowcharts  and  comments  in  the  code  on  the 
website  (www.MyOtherMind.com/go/PicMasTree) 
describe  it  in  more  detail. 

Building  the  Tree 

While  we  did  put  a lot  of  effort  into  the  actual  circuit 
board  design,  you  can  certainly  use  a perforated  wiring 
board  (perf  board)  and  point  to  point  wiring  to  build  your 
tree.  The  original  prototype  was  constructed  this  way,  but 
a printed  circuit  board  (PCB)  makes  the  assembly  faster 
and  much  easier.  The  only  critical  aspect  of  the  circuit  is 
the  color  and  layout  of  the  LEDs.  All  of  the  light  patterns 
would  lose  their  effect  if  the  layout  and  color  of  the  LEDs 
is  not  similar.  If  you  choose  the  perf  board  route,  spray 
painting  the  perf  board  green  to  resemble  a tree 
beforehand  is  a nice  touch.  There  is  also  a different 
battery  holder  which  is  better  suited  for  perf  board 
construction.  Visit  our  website  listed  in  the  Parts  List  for 
additional  pictures,  videos,  and  construction  tips. 

What  sets  Tree  1.1  apart  from  most  other  projects  is 
that  the  finished  PCB  is  part  of  the  appeal  and  uniqueness 
of  the  project.  Everything  from  the  selection  of  the 
components,  to  their  layout  on  the  PCB  was  done  so  that 
the  finished  project  resembles  a tree  decorated  for  the 
holidays.  This  makes  Tree  1.1  a great  project  for  first-time 
kit  builders,  as  well  as  seasoned  veterans  to  show  off 
soldering  and  assembly  skills. 

Neatness  and  appearance  really  count  with  this 
project,  so  we've  come  up  with  some  construction  tips. 

When  populating  the  components  on  the  PCB,  start 
with  the  components  with  the  lowest  profile  first,  then 
the  next  lowest,  and  so  on.  Here,  that  equates  to  installing 
the  resistors  first,  the  Schottky  diodes  next,  the  1C  socket 
and  switch,  then  the  transistors,  LEDs,  and  finally  the 
battery  clips. 

Open  the  resistor  pack,  sort  the  resistors  into  their 
respective  values,  and  pre-bend  the  leads.  Hole  spacing 
for  the  resistors  and  diodes  is  0.6".  If  you  don't  have  a 


component  lead  bender,  the  technique  we  use  is  center  a 
resistor  on  the  silkscreen  layout  and  use  the  hole  pattern 
on  the  PCB  as  a spacing  guide.  Grasp  the  resistor  lead 
with  the  tip  of  needle-nose  pliers  between  the  body  of  the 
resistor  and  just  next  to  the  hole,  but  not  over  the  hole  to 
allow  for  the  bend  radius  of  the  lead.  Bend  the  lead  90 
degrees  with  your  fingers  and  repeat  for  the  other  lead. 
Test-fit  the  resistor  into  the  PCB.  Once  inserted,  the 
resistor  should  lay  flat  against  the  PCB.  You  can  now 
bend  the  remaining  resistors  to  match. 

Assembly  Technique 

Insert  the  resistors  into  the  PCB.  Lay  a stiff  piece  of 
cardboard  over  the  top,  flip  the  PCB  over,  and  put  the 
whole  thing  back  on  the  table.  Apply  a slight  pressure  on 
the  PCB  to  gently  make  sure  all  the  resistors  are  flush 
against  it  and  their  leads  are  sticking  straight  up.  Tack 
solder  one  end  of  each  resistor,  then  turn  the  PCB  over 
and  inspect  your  work.  Make  sure  each  resistor  is  laying 
flat  against  the  PCB  and  is  centered  over  the  silkscreen 
layout  for  the  resistor.  If  one  of  the  resistors  is  not  flush, 
heat  the  solder  connection  and  apply  slight  pressure  to 
firmly  seat  it  (WITHOUT  burning  your  finger  tip).  Flip  the 
board  over  and  solder  the  other  end  of  the  resistors; 
re-solder  the  tacked  lead  if  necessary,  then  trim  the  leads. 
When  trimming  the  component  leads,  grasp  the  lead 
between  the  thumb  and  forefinger  of  one  hand  and  use 
the  other  hand  to  trim  the  lead.  This  prevents  the  clipped 
lead  from  becoming  a dangerous  projectile  and  also 
prevents  you  from  finding  a clipped  lead  on  the  floor  via 
your  bare  feet.  A good  sequence  to  follow  is  do  the  two 
10K  resistors  (R22,  R23),  the  four  560  ohm  resistors 
(R9-R12),  the  eight  18  ohm  resistors  (R1-R7),  and  finally 
the  eight  3.9K  resistors  (R13-R20). 

Continue  using  this  technique  for  each  group  of  like- 
height  components.  Insert  the  components  into  the  PCB. 
Use  the  cardboard  to  hold  the  component  in  place  and 
then  turn  the  PCB  over.  Tack  solder  one  lead  per 
component,  then  turn  over  the  PCB  to  visually  inspect 
the  component  esthetics  before  soldering  all  the  leads  of 
all  the  components. 

Repeat  this  technique  for  the  two  Schottky  diodes 
(D98  and  D99).  Diodes  are  polarity  sensitive  so  make 
sure  that  the  banded  (cathode)  end  of  the  diode  matches 
the  banded  end  of  the  silkscreen  layout. 

Insert  the  1C  socket  into  the  PCB.  Note  the  1C  socket 
has  a notch  on  one  end  similar  to  the  silkscreen  pattern 
on  the  PCB.  On  components  with  more  than  a couple  of 
pins  like  the  1C  socket,  modify  the  assembly  technique  by 
tack  soldering  two  pins;  one  each  on  opposite  corners  of 
the  socket.  Turn  the  PCB  over  and  make  sure  the  socket  is 
correctly  aligned  and  is  flush. 

Insert  the  switch  onto  the  PCB  by  applying  pressure 
to  the  body  of  the  switch.  The  switch  is  fairly  rugged,  but 
it  is  possible  to  damage  it  if  too  much  force  is  applied 
directly  to  the  button  when  inserting  it.  Again,  solder  one 
pin  on  opposite  corners,  double  check  that  the  switch  is 
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flush  against  the  PCB,  and  then  solder  the  remaining  pins. 

Next,  insert  the  four  PN2222  transistors  (Q1  -Q4). 
Observe  that  the  flat  side  of  the  transistor  matches  the 
outline  of  the  silkscreen.  The  body  of  the  transistor  should 
be  about  1 /4  inch  off  of  the  surface  of  the  PCB  once 
inserted.  On  transistors,  use  the  assembly  technique,  but 
tack  solder  the  center  lead.  Turn  the  PCB  over  and  make 
sure  the  transistors  are  correctly  oriented.  Turn  the  board 
over  and  solder  the  remaining  pins  and  clip  the  leads. 
Repeat  this  step  for  the  remaining  eight  PN2907 
transistors  (Q5-Q12). 

Next  inset  the  LEDs  into  the  board.  LEDs  are  polarity 
sensitive  so  be  sure  to  align  them  carefully.  The  cathode 
lead  is  identified  by  a flat  spot  on  the  base  of  the  LED  and 
matches  the  flat  spot  on  the  silkscreen.  Also,  the  anode 
lead  on  the  LED  is  longer  than  the  cathode  lead.  Since  it's 
easier  to  tell  red  from  orange  from  yellow  once  orange  is 
out  of  the  picture,  insert  the  orange  LEDs  first.  Take  a 
second  to  make  sure  all  the  short  leads  are  pointing  in  the 
same  direction  to  check  that  all  the  colored  LEDs  are 
correctly  inserted.  Again,  tack  solder  one  lead  of  each 
LED,  turn  the  board  over,  and  make  sure  they're  flush. 
Once  you  are  happy  with  the  appearance  of  everything, 


complete  the  soldering  and  clip  the  leads. 

Insert  the  USB  connector  on  the  back  side  of  the  tree. 
The  connector  will  only  fit  into  the  board  in  one  direction. 
To  help  line  up  the  connection,  look  for  the  six-sided  plug 
outline  that  is  inside  the  square  connector  body  and 
match  that  to  the  six-sided  receptacle  in  the  actual  USB 
connector.  A gentle  rocking  motion  will  help  guide  the 
four  pins  and  the  two  mounting  tabs  into  the  PCB  until 
everything  is  flush.  Turn  the  tree  over  and  make  sure  all 
four  pins  and  mounting  tabs  are  protruding  on  the  other 
side.  Double-check  the  connector  is  flush  and  properly 
inserted,  then  solder  the  pins  and  mounting  tabs. 

Battery  Clips 

Attach  one  pair  of  battery  clips  to  the  front  and  back 
side  of  the  PCB  using  a nylon  screw  and  nut.  Repeat  on  the 
other  edge  of  the  tree  with  the  second  pair  of  battery  clips. 

Processor 

Install  PIC16F685  processor  (U 1 ) into  the  socket. 

Align  the  orientation  dent  of  the  1C  with  the  socket  and 
PCB  silkscreen.  When  doing  this,  make  sure  all  the  pins 
are  squarely  lined  up  with  the  holes  in  the  1C  socket.  If  it 

appears  that  the  pins  are  too 
far  apart,  gently  squeeze  the 
pins  together.  This  can  be 
done  using  your  fingers  or 
by  laying  the  1C  on  its  side 
and  applying  gentle 
pressure.  Double-check  the 
alignment  and  carefully 
insert  the  1C  into  the  socket, 
making  sure  none  of  the 
pins  are  bent  or  folded  over. 

As  a final  inspection, 
take  a look  at  the 
component  side  of  the  tree. 
There  should  be  no  empty 
component  positions.  Flip 
the  PCB  over.  Take  a look  at 
the  soldered  connections.  If 
everything  looks  good,  then 
you  are  ready  for  the  smoke 
test,  to  apply  power,  and 
watch  the  lights. 


PARTS  LIST 

ITEM 

QTY 

DESCRIPTION 

MOUSER  P/N 

□ R1-R7 

8 

18  ohm  (brown-gray-black); 
1/4  watt  5%  tolerance  resistor 

30BJ250-18 

□ R9-R124 

560  ohm  (green-blue-brown); 
1/4  watt  5%  tolerance  resistor 

30BJ250-560 

□ R13-R20 

8 

3.9K  (orange-white-red); 

1/4  watt  5%  tolerance  resistor 

30BJ250-3.9K 

□ R22,R23 

2 

10K  (brown-black-orange) 

1/4  watt  5%  tolerance  resistor 

30BJ250-10K 

□ D1-D32 

8 

5 mm  round  LED;  qty  8 each  of  red,  orange, 
yellow,  and  green;  KingBright  L53ND,  L53ID, 
L53YD,  L53GD,  or  equivalent 
Avago  HLMP-3301,  HLMP-3401,  HLMP-D401, 
HLM  P-3507 

LED  standard  red  diffused  635  nm,  5.4  mcd 

630-HLM  P-3301 

8 

LED  standard  yellow  diffused  585  nm,  5.7  mcd 

630-HLM  P-3401 

8 

LED  standard  orange  diffused  600  nm,  5.4  mcd 

630-HLM  P-D401 

8 

LED  standard  green  diffused  565  nm,  4.2  mcd 

630-HLM  P-3507 

□ Q1-Q4  4 

PNP  Transistor  TO-92 

Fairchild  PN2222ATFR  or  equivalent 

51 2-PN2222ATFR 

□ Q5-Q12 

8 

NPN  Transistor  TO-92 

Fairchild  PN2907TFR  or  equivalent 

512-PN2907TFR 

□ U1 

1 

Microchip  PIC16F685IP  processor 

579-PIC16F685-I/P 

□ XI 

1 

USB  Vert  type  B jack 
Kycon  KUSBVX-BS1 N-W 

806-KUSBVX-BS1  N-W 

□ SI 

1 

B3F-1100  Omron  switch 
Omron  B3F-1100  switch  white  cap 

653-B3F-1100 

□ BC1-4 

4 

Battery  clips;  Keystone  #89  battery  clip 

534-089 

□ U1.1 

1 

20  pin  low  profile  1C  socket 
Mill-Max  110-44-320-41-001000 

575-199320 

□ DC1-2 

2 

D cell  battery;  Duracell  MN1300  or  equivalent 

□ D98-99  2 

1N5817  Shottky  diode  1.0A  20V;  MCC  1N5817-TP 

833-1 N5817-TP 

□ PCB1 

1 

Printed  circuit  board;  PicMasTree  vl.1  PCB 

□ HW1-2  2 

Nylon  screw,  pan  head;  6-32  by  1/4" 

□ HW3-4  2 

Nylon  lock  nut;  6-32 

□ HW5 

1 

Metal  screw;  6-32  by  1/2"  or  5/8" 

□ HW6 

1 

Metal  nut  6-32;  6-32 
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Smoke  Test  and  Debugging 

We  suggest  using 
batteries  for  the  initial  power 
up.  (The  battery  polarity  is 
indicated  on  the  PCB.)  Install 
two,  new  D cells.  If  your 
assembly  skills  are  in  good 
shape,  you  should  see  all  of 
the  LEDs  light  up  for  about  a 
second  then  the  tree  will 
automatically  move  into  the 


"Marquee"  pattern  of  the  Auto  Cycle  Mode. 

(One  of  the  things  that  we  found  extremely  useful 
when  building  the  tree  is  to  have  a very  quick  check  to 
ensure  that  all  of  the  LEDs  are  functioning.  When  power  is 
first  applied  on  the  tree,  we  run  a special  Power  On  Self 
Test  pattern  that  simply  lights  up  all  the  LEDs  for  a bit  over 
a second  and  then  turns  them  off.  After  that  test  runs,  we 
just  launch  into  the  normal  sequence  of  patterns.) 

If  nothing  happens,  don't  panic.  It  is  likely  something 
simple.  First  check  the  batteries.  Are  they  installed  with  the 
correct  orientation?  Do  the  batteries  really  have  a charge? 
Are  the  processor  (U1  in  the  socket)  and  the  Schottky 
diode  (D99)  installed  with  the  correct  orientation?  Are  all 
the  transistors  and  resistors  installed?  Do  all  the  transistors 
and  LEDs  have  the  correct  orientation? 

If  you  get  some  of  the  LEDs  lighting  up,  but  not  all  of 
them,  then  you  likely  have  something  amiss  in  the  LED 
display  matrix  or  the  row/column  drive  circuitry.  Here  are 
a few  hints  to  work  through: 

• One  LED  out:  The  most  likely  problem  is  that  the  LED 
was  installed  with  the  wrong  orientation.  Find  the  flat  part 
on  the  side  of  the  LED's  base.  Is  it  aligned  with  the  flat 
part  on  the  silkscreen?  If  not,  remove  the  batteries  and 
change  the  orientation  of  the  LED. 

The  second  most  likely  culprit  is  a soldering  problem 
with  just  that  LED.  Remove  the  batteries  and  check  for  a 
solder  short  on  either  of  the  two  leads  of  the  LED  or  for  a 
solder  splash  in  the  area.  Re-touch  the  leads  to  ensure  a 
good  solder  joint. 

• Four  LEDs  out:  Have  a look  at  the  schematic.  Are  the 
affected  LEDs  in  one  row  (e.g.,  D1,  D9,  D1  7,  D25  or  D3, 
D1 1,  D19,  D27)?  If  so,  you  likely  have  a problem  with  the 
row  drive  circuitry.  Remove  the  batteries  and  check  the 
drive  components  for  that  row  (e.g.,  R1,  Q5,  R13,  U1,  pin 
9 or  (R3,  Q 7,  R1 5,  U 1 , pin  5).  Again,  check  for  solder 
shorts  on  the  leads  of  suspect  components  and  re-touch 
the  solder  joints. 

• Eight  LEDs  out:  Check  the  schematic  to  see  if  the 
affected  LEDs  are  in  one  column  (e.g.,  D1-D8  or 

D1  7-D24).  If  so,  the  column  drive  circuitry  is  the  likely 
culprit.  Remove  the  batteries.  Check  the  column  drive 
components  for  the  affected  row  (e.g.,  Q1,  R9,  U1,  pin  10 
or  Q3,  R1 1 , U 1 , pin  12).  Again,  check  for  solder  shorts 
and  re-touch  the  leads  of  the  components  in  question. 

The  only  other  functionality  to  verify  is  the  USB 
power.  Remove  the  batteries  and  plug  into  a powered 
USB  cable.  The  tree  should  power  up,  light  all  LEDs  for 
about  a second,  and  then  move  into  the  Marquee  pattern. 
If  not,  there  are  only  three  things  to  check.  Is  the  USB 
cable  really  powered?  Is  the  Schottky  diode  (D98) 
installed  with  the  correct  orientation?  Is  the  USB 
connector  (XI)  installed  correctly?  Check  the  leads  of 
these  components  for  solder  shorts  and  re-touch  them. 


Pattern  List 

■ Auto  Cycle  Mode  (the 

■ OneColor 

initial  Marquis  pattern 

■ Star 

indicates  you  are  in  this 

■ Blinking 

mode) 

■ Swing 

■ Glowing 

■ Flashing 

■ CycleDown 

■ Drip 

■ Fountain 

■ OnOff 

Decorations 

Paint  the  top  of  the  transistors  with  gold  or  silver 
paint,  add  beads  (use  the  via  holes  to  tie  them  on  or 
hot-glue  them  to  the  board).  You  could  even  build  a box 
around  the  batteries  so  it  looks  like  a present. 

Mash  the  Button! 

To  turn  on  Tree  1.1,  simply  press  and  release  the  change 
pattern  button.  This  will  cause  the  tree  to  power  up  and  start 
the  Auto  Cycle  Mode  to  sequence  through  the  pattern  list. 

While  in  Auto  Cycle  Mode,  each  pattern  will  be 
displayed  for  about  30  seconds  before  it  automatically 
changes  to  the  next  pattern. 

Turning  off  the  tree  is  a two  step  process.  Don't  press 
the  change  pattern  button  for  two  seconds.  Then,  a single 
press  will  turn  it  off. 

Tree  1.1  has  1 1 different  patterns  in  it.  If  you  find  that 
you  have  a favorite  one,  you  can  use  the  change  pattern 
button  to  cycle  through  the  pattern  list  and  select  a single 
pattern  to  be  displayed  all  the  time.  Each  press  of  the 
button  will  select  the  next  pattern  in  the  list.  Once  you  get 
to  the  end  of  the  list,  it  just  starts  over  again  from  the 
beginning.  Remember  to  press  the  button  quickly  or  the 
two  second  timing  to  turn  it  off  will  come  into  play. 

Building  on  It 

A lot  of  things  go  into  making  a simple  tree,  but  the  real 
contribution  to  it  is  your  own  hand  in  building  and  decorating 
it  as  a gift.  Where  else  do  you  get  to  have  your  soldering 
skills  on  display  and  put  a twinkle  in  people's  eyes?  NV 


Author  Bio 

■ Dave , John , and  Mark  have  been  friends  for  over  20 
years.  They  have  worked  together  on  numerous  projects; 
some  for  the  day  job  and  some  for  home  projects.  All  the 
projects  involved  hardware  and/or  software  design  for 
embedded  computing , personal  computers , telephony 
systems , and/or  data  networking. 


A complete  kit  for  this  project  can  be 
purchased  from  the  Nuts  & Volts  Webstore 

@ www.nutsvolts.com 
or  call  our  order  desk,  800  783-4624. 
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HOLIDAY 


REVISITED 

BY  PETER  STONARD 


Even  if  you  don't  share  my 
enthusiasm  for  "blinky 
lights,"  you'll  find  some 
interesting  nuggets  of 
wisdom  from  my  school  of 
hard  knocks  to  boost  your 
next  construction  project. 


As  we  ramp  up  for  the  holiday 
season,  it's  time  to  decorate  our 
homes  and  gardens.  The  Holiday 
Lights  Controller  project  has 
been  given  a minor  facelift  and 
some  new  features. 


Introduction 

It's  funny  how  some  of  life's  adventures  can  appear 
different  in  the  rear  view  mirror.  A couple  of  holiday 
season's  ago,  I was  looking  for  a simple  controller  to  run  a 
holiday  light  show.  Commercial  packages  —some  with 
music  sync  and  a personal  computer  as  the  engine  — were 
available  but  none  fit  my  budget  or  simple  requirements. 
So  I rolled  my  own,  taking  on  a project  with  technical 
challenges  and  a hard  end  date  (December  25th  or 
sooner!).  I expected  to  enjoy  it  for  a couple  of  months 
and  then  shove  it  in  the  attic  with  our  fake  tree  before 
turning  my  attention  to  the  summer.  The  project  was 
featured  in  the  November  2007  issue  of  Nuts  & Volts. 
(PDF  reprint  available  at  www.nutsvolts.com) 

While  hitting  my  original  goals,  I also  found  some  of 
the  project's  subtleties  to  be  a worthy  opponent! 
Admittedly,  when  you  build  a prototype  and  then  publish 
an  article,  you  have  to  cater  to  others  and  try  to  avoid  silly 
mistakes.  You  also  see  your  work  through  the  eyes  of 
others,  who  show  great  insight,  find  new  applications,  and 
push  the  envelope.  So  the  original  hardware  has  been 
poked  and  prodded  through  the  past  summer  (while  still 
allowing  me  some  time  away  from  the  soldering  iron). 

Here's  a round-up  of  the  things  that  I have  learned 
and  an  update  to  the  project  for  anyone  interested  in 
jumping  in.  I don't  have  accurate  data  on  how  many 
copies  of  the  original  design  are  in  use.  A couple  of  dozen 
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PCB  kits  and  pre-programmed  AVR  ICs  went  out  from 
here,  and  the  data  package  was  downloaded  from 

www.AVRfreaks.net  over  250  times! 

Fading  Hopes 

The  hardest  problem  to  solve  with  the  original 
design  was  getting  all  32  channels  to  have  independent 
brightness  control.  When  the  first  article  was  published,  I 
had  32  on-off  channels  working  and  eight  of  those  were 
also  full  range  dimmers.  At  the  time,  it  looked  like  a 
couple  of  evenings  would  be  spent  on  the  firmware  code 
to  finish  the  rest.  Wrong!  My  attempts  to  do  so  crashed 
the  pC;  the  root  cause  was  trying  to  do  too  much  with 
the  microcontroller  specified  in  the  original  design.  I used 
BASCOM  macros  for  the  l2C  bus  commands  and  had  little 
control  over  their  actual  timing,  which  is  quite  critical  in  a 
phase-angle  dimmer  circuit. 

Here's  the  solution:  a revised  I/O  card  design.  The 
original  one  remains  perfectly  good  for  up  to  32  channels 
of  on-off  control  or  eight  channels  of  full  range  dimming 
(compare  them  in  Figure  1).  Take  a look  back  at  the 
original  article;  there  are  four  identical  I/O  cards  linked 
by  an  PC  bus  to  the  controller  card,  which  has  the 
microcontroller,  user  interface,  and  power  supply.  The 
solution  to  the  PC  bus  problem  is  to  off-load  some  of  the 
individual  channel  timing  to  a new  I/O  card  design,  while 
keeping  the  original  controller  card  and  hardware  without 


any  other  changes.  The 
schematics  for  both  are  shown 
in  Figures  2 and  3.  It  does 
require  changing  the  firmware 
on  the  controller  card  to  match 
the  new  data  bus  protocol,  with 
the  consequence  that  new  and 
old  I/O  cards  can't  be  mixed. 

Well  dive  into  the  new  card's 
details  after  covering  a couple 
more  show  stoppers. 

Does  Anyone  Know 
What  Time  it  is? 

The  controller  design  has 
an  onboard  RTC  (real  time 
clock)  with  battery  back-up  that 
wakes  up  the  show  and  shuts  it 
down  again  each  evening,  thus 
saving  me  from  turning  on  the 
display  manually  or  installing 
a mechanical  clock  timer 
switch  — which  is  how  I did  it 
the  year  before. 

The  RTC  chip  would 
sometimes  be  scrambled  about 
five  minutes  into  the  lightshow  and  the  data  also  sent  to 
the  LED  display  on  the  controller  card  would  be 
scrambled,  but  the  show  kept  running  as  planned.  This  is 
a firmware  problem  caused  by  using  the  random  number 
generator  macro  found  in  BASCOM  Basic.  I don't  have  the 
skills  to  drill  down  and  find  the  actual  problem  so  I 
rewrote  the  Basic  firmware  by  trial  and  error  to  fix  it. 

Seeing  Double 

For  the  PCBs,  I used  several  SMT  parts  to  save  a bit 
of  space,  allowing  the  luxury  of  an  "LCD  Port"  on  the 
controller.  Added  on  a whim,  it  would  be  nice  to  have 
an  alphanumeric  readout,  plus  I had  just  discovered  the 
generic  2x16  LCD  modules  at  a local  surplus  store  a 
few  months  earlier. 

Adding  support  was  likely  to  be  one  evening  of  code 
bashing.  What  I didn't  anticipate  is  that  these  generic  LCD 
modules  are  fussy.  Like  the  random  RTC  fault  just  noted, 

I found  the  LCD  would  flicker  and  finally  go  dark  after 
several  hours,  but  could  be  revived  by  cycling  the  power. 
Hmm.  Here's  a very  easy  fix:  don't  send  the  LCD  data 
as  often.  Apparently,  other  hobbyists  found  the  same 
problem,  which  is  that  too  much  data  "overloads"  the 
popular  HD44100  controller  1C. 

Gone  in  a Blink 

I found  that  due  to  thermal  lag  in  the  holiday  light 
bulbs,  the  optimum  fastest  flash  time  is  about  a quarter 


second,  so  a sequence  with  higher  update  rates  isn't 
needed.  A classic  marquee  chaser,  for  example,  is  easy  to 
control  with  math  routines  running  in  the  pC  firmware, 
possibly  using  random  timing  elements  creatively. 

Another  gotcha  with  light  shows  is  to  avoid  having  too 
many  blinky  lights.  One  display  in  our  town  looks  a lot  like 
they  have  a "loose  wire  nut"  somewhere.  All  their  holiday 
light  strings  are  animated  to  the  beat  of  a music  track,  and 
are  never  steady.  A better  effect  is  to  have  about  20%  of 
the  holiday  lights  remain  steady  while  blinking  a few 
others  at  any  time.  I hope  that  makes  sense  - if  you've 
seen  the  "crazy  lights"  version  you'll  know  what  I mean. 

Thanks  for  the  Memory 

These  non-repeating  sequences  lead  to  installing  an 
EEPROM  on  the  controller  PCB  which  would  be  used  to 
store  light  show  sequences,  as  it's  much  easier  to  read 
non-cyclic  data  from  a memory  at  set  intervals  and  then 
repeat  it.  The  original  EEPROM  that  I picked  wasn't  very 
large  (256  x 8 bits  = 2K)  and  if  the  pattern  needs  to 
change  every  quarter  second  it  can  only  hold  about  a 
minute's  worth  of  eight  channels,  or  barely  15  seconds 
of  32  channels. 

Full  Address,  Please 

By  luck,  I've  found  a larger  memory  chip  with  a 
256Kb  (32K  x 8 bits)  capacity  that  has  the  same  pinout. 
(Yippee!)  Also,  the  prices  seem  flat  regardless  of  memory 
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capacity,  so  go  for  the  bigger  one.  I concluded  that  a 
unique  light  show  of  five  minutes  duration  is  plenty. 

To  use  this  larger  memory  requires  a firmware  change, 
which  now  has  a two-byte  EEPROM  address  scheme.  We 
still  have  the  problem  of  programming  the  EEPROM,  and 
to  do  so  using  just  the  push  switch  on  the  controller 
card  would  be  mental  torture.  I programmed  a couple  of 
EEPROM  chips  using  a hurriedly  designed  and  constructed 
AVR  based  EEPROM  burner  connected  to  a PC.  We're 
getting  into  the  Vixen  territory  - a PC-based  holiday  lights 
software  that  can  sync  music  from  www.vixenlights.com. 

The  first  version  of  my  light  show  firmware  did  not 
support  any  EEPROM  so  it's  a non-issue  for  now,  but 
I am  working  on  it  if  anyone  would  like  to  check  in  with 
me  by  email. 

Miscellaneous  "Mia  Culpa" 

With  those  fairly  critical  problems  behind  us,  here's  a 
quick  run-down  of  the  other  goofs  I've  made.  I know  how 
frustrating  it  is  to  build  something  from  an  article,  turn  it 
on,  and  get  nothing! 

That  was  the  case  for  two  separate  problems  involving 
the  PC  chips  used  on  version  1 of  the  I/O  PCB.  In  my 


EAGLE  library,  I have  PCF8574P,  but  in  my  BOM  I have 
PCF8574A.  It  turns  out  that  Philips  (back  before  they  were 
called  NXP)  issued  an  "A"  version  with  a different  base 
address.  I used  the  A version  base  address  (hex  038)  but 
"non-A"  chips  are  expecting  address  20h.  Hence,  no  lights 
will  come  on  with  the  wrong  chips.  The  addressing  of  the 
two  PCF8574  versions  are  compared  in  Figure  4. 

I received  Email  about  the  confusing  I/O  card  address 
switches.  Recall  that  the  four  I/O  cards  are  identical  but 
take  on  a different  base  address  by  moving  a three 
position  DIP  switch.  Due  to  PCB  layout  restrictions,  the 
LSB  of  the  three  digits  is  on  the  left,  and  the  switch 
appears  upside  down  if  you  follow  the  "ON"  marker  on 
the  actual  switch.  As  I wired  the  switches  to  ground  and 
ON  means  closed,  we  get  logic  zero  at  the  chip,  not  logic 
one.  If  the  switches  point  to  an  address  outside  the 
range  of  the  controller  PC  messages,  the  lights  will  never 
come  on.  I have  redone  the  silkscreen  to  save  repeating 
this  confusion. 

While  I was  content  to  "burn"  new  AVR  code  for  my 
project,  many  builders  prefer  a preprogrammed  chip,  and 
have  no  way  of  patching  the  firmware  or  tweaking  it  for 
their  needs.  I don't  mind  doing  a few  of  these  as  a favor 
to  others;  it  set  me  to  thinking  about  how  to  improve  the 


■ FIGURE  2.  Mkll  schematic,  lamp  drivers. 
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firmware,  which  then  lead  me  to  the  usual  story  of  the 
code  growing  too  big  for  the  Atmega8's  ROM  space.  To 
fix  this  one,  I have  changed  to  the  AVR  Atmega168  chip 
with  its  16K  ROM  and  identical  pin-out. 

A light  show  timer  problem  that  got  through  the  cracks 
(but  didn't  create  any  email)  involved  running  the  program 
past  midnight.  Let's  say  you  start  at  dusk  — 5:30  pm  locally 
— and  you  shut  down  at  10:30  pm,  for  a five  hour  show. 
The  data  is  easy  to  enter  through  the  push  switch  and 
rotary  encoder,  and  could  be  changed  again  once  your 
light  show  is  installed  out  on  the  lawn.  What  if  you  run  it 
past  midnight?  Technically  this  is  the  "next  day"  and  one 
o'clock  in  the  morning  is  actually  numerically  smaller  than 
5:30  in  the  evening,  causing  a firmware  math  error. 

The  clock  display  and  math  are  in  a 24  hour  format, 
so  that  am  and  pm  are  never  confused.  Funny  story  ... 
once  I accidently  set  an  alarm  clock  to  wake  me  up  at 
dinner  time  instead  of  breakfast!  The  two  BCD  encoded 
data  strings  (hh:mm)  are  saved  to  the  EEPROM  in  the  RTC 
chip:  one  for  start  and  one  for  stop.  These  are  converted 
to  minutes  and  compared  to  the  RTC's  clock  time  (also 
converted  to  minutes  from  its  native  BCD  hh:mm  format). 
When  the  RTC  sum  is  greater  than  the  start  sum,  the  show 
runs,  and  when  the  RTC  sum  is  greater  than  the  stop  sum, 


the  show  is  idle.  If  the  stop  time  goes  past  midnight, 

I set  a flag,  telling  the  firmware  to  continue  to  the  next 
day  once  the  show  is  running.  It's  now  possible  to  have 
any  length  show  from  just  one  minute  duration  up  to 

I I hours,  59  minutes  starting  at  any  minute  through  the 
24  hour  day  (both  examples  being  rather  silly). 

My  prototype  controller  PCB  used  the  standard  10 
pin  header  to  connect  an  Atmel  AVRISP  for  programming 
the  AVR  chip.  Shortly  after  this  project,  I damaged  my 
AVRISP  and  discovered  the  replacement  (an  AVRISP  mark 
II)  only  uses  the  six  pin  header.  So,  my  next  AVR  project 
used  the  six  pin  style  header  and  I made  a ribbon 
cable  adapter  to  service  the  older  10  pin  style  projects. 
The  AVRISP  mkll  also  has  a USB  (instead  of  serial  com) 
connector  on  the  PC  side,  and  has  revised  circuitry  in 
the  pod. 

I found  that  the  new  AVRISP  would  reset  the  target 
AVR  at  random  and  I traced  this  to  noise  from  my 
project's  5V  rail  getting  back  into  the  pod.  I added  a 10K 
resistor  and  a 10  pF  capacitor  as  decoupling,  and  that  did 
the  trick.  Unfortunately,  those  values  didn't  make  it  to  the 
published  controller  BOM,  which  has  the  correct  six  pin 
header.  I got  quite  a few  emails  wondering  why  there  was 
an  undocumented  C4  and  R25  on  those  new  PCBs! 


■ FIGURE  3.  Mkll  schematic,  logic. 
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PCFS574 

REMOTE  8-BIT  I/O  EXPANDER  FOR  l2C  BUS 

296-13109-5 

296-13109-5-ND 

PCF8574N  Address  Reference 


INPUTS 

PC  BUS  SLAVE  ADDRESS 

A2 

A1 

AO 

L 

L 

L 

32  (decimal),  20  (hexadecimal) 

L 

L 

H 

33  (decimal),  21  (hexadecimal) 

L 

H 

L 

34  (decimal),  22  (hexadecimal) 

L 

H 

H 

35  (decimal),  23  (hexadecimal) 

H 

L 

L 

36  (decimal),  24  (hexadecimal) 

H 

L 

H 

37  (decimal),  25  (hexadecimal) 

H 

H 

L 

38  (decimal),  26  (hexadecimal) 

H 

H 

H 

39  (decimal),  27  (hexadecimal) 

PCF8574A 

REMOTE  8-BIT  I/O  EXPANDER  FOR  !2C  BUS 


568-1073.5 
568- 1073-5- ND 

PCF8574APN  Address  R*f«r«nc« 


INPUTS 

PC  BUS  SLAVE  ADDRESS 

A2 

A1 

A0 

L 

L 

L 

56  (decimal),  38  (hexadecimal) 

L 

L 

H 

57  (decimal),  39  (hexadecimal) 

L 

H 

L 

58  (decimal),  3A  (hexadecimal) 

L 

H 

H 

59  (decimal),  3B  (hexadecimal) 

H 

L 

L 

60  (decimal),  3C  (hexadecimal) 

H 

L 

H 

61  (decimal),  3D  (hexadecimal) 

H 

H 

L 

62  (decimal),  3E  (hexadecimal) 

H 

H 

H 

63  (decimal),  3F  (hexadecimal) 

■ FIGURE  4.  Addressing  scheme. 


SMT  Techniques 

I used  a hybrid  of  through-hole  and  SMD/SMT 
(Surface  Mount  Device/Surface  Mount  Technology), 
which  turns  out  to  be  much  easier  to  construct  than 
you  might  think  if  you  were  raised  on  through  hole-only 
techniques.  While  the  SMT  parts  can  be  hand  soldered 
one  pin  at  a time  using  a fine  tip  soldering  iron  and 
flux-core  solder,  I have  evolved  to  a hot  air  technique.  I 
use  solder  paste  from  a syringe  to  "dot"  the  SMT  pads, 
place  the  parts  with  tweezers,  and  when  the  entire  side 
of  the  PCB  is  complete  I go  over  it  with  a hot  air  gun 
intended  for  heat  shrink  tubing.  Viola!  The  paste  turns  to 
molten  solder  and  due  to  its  density  forms  little  puddles 
centered  on  the  pads  while  the  SMT  parts  float  and  snap 
to  the  center  too,  making  perfect  joints.  It's  so  much  fun 
to  watch!  The  important  lesson  here  is  to  only  use  small 
amounts  of  solder  paste. 

Feedback  from  builders  pointed  out  that  SMT  LEDs 
are  really  hard  to  identify,  and  were  often  placed  back- 
wards. I have  edited  the  EAGLE  silk  screen  to  use  a diode 
symbol  for  my  future  projects.  The  cathode  (bar)  end  of 
the  symbol  matches  the  paint  dot  or  stripe  on  the  SMT 
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LED,  but  you  likely  need  a 10  power  eye  loupe  to  see  it. 
Also,  by  convention,  the  LED  parts  are  placed  in  their 
carrier  tape  with  the  cathode  towards  the  sprocket  holes. 

User  Manual 

I deliberately  didn't  write  operating  instructions  to  go 
with  the  first  article,  as  I enjoy  discovering  how  products 
operate  when  Em  the  customer  and  use  them  for  the  first 
time.  Nothing  kills  the  moment  more  than  having  to  wade 
through  a thick  manual.  The  Holiday  Lights  Controller 
interface  is  very  simple,  but  just  in  case  you'd  like 
directions  I've  written  a brief  text  file  and  bundled  it 
with  the  download  for  this  project  from  the  Nuts  & Volts 
website  (www.nutsvolts.com). 

The  I/O  Card  Mkll 

I have  changed  the  circuitry  on  the  I/O  card  to  use 
another  AVR  pC  in  place  of  the  fixed  function  PC  chip, 
which  remains  a nice  part  for  other  applications. 

PC  signals  from  the  controller  card  still  pass  along  the 
PC  bus  and  go  to  each  I/O  card  which,  in  turn,  has  its 
own  base  address  set  by  the  DIP  switches.  All  cards  hear 
all  messages  on  the  bus  but  only  act  on  those  messages 
directed  to  a particular  card. 

The  number  of  messages  has  been  reduced  to 
decrease  bus  activity  — which  was  the  original  bottle  neck 
— and  rely  on  the  local  AVR  to  set  triac  phase-angle  tim- 
ing. This  way,  all  channels  operate  together,  removing 
slight  brightness  variations  from  one  channel  to  the  next. 

Two  types  of  messages  are  sent:  one  is  the  data  to  be 
stored  for  each  channel's  dimmer  delay  and  the  other 
message  is  the  AC  zero-cross  sync.  This  is  sent  to  all  the 


PARTS  LIST  - 

Holiday  Lights  mk-ll  Controller 

ITEM 

DESCRIPTION 

Digi-Key  PART# 

RESISTORS 

□ R1 

1.0K  1/4W  1%  1206  SMD 

P1.00KFCT-ND 

□ R2-R6,  R11 , R12 

10. OK  1/4W  1%  1206  SMD 

P10.0KFCT-ND 

□ R7-R10 

Not  used 

□ R101 , R102,  R201 , R202 

475QV4W  1%  1206  SMD 

P475FCT-ND 

□ R301 , R302,  R401 , R402 

□ R701 , R702,  R801 , R802 

□ R103,  R203,  R303,  R403 

330Q  1/2W  5% 

P330BBCT-ND 

□ R503,  R603,  R703,  R803 

CAPACITORS 

□ Cl 

47mF  25V  electrolytic  SMD 

PCE3185CT-ND 

□ C3 

10mF  16V  electrolytic  SMD 

PCE3062CT-ND 

SEMICONDUCTORS 

□ D1 

Green  LED  1206  SMD 

1 60-1404-1-ND 

□ D101-D801 

Yellow  LED  1206  SMD 

160-1406-1-ND 

□ IC1 

AVR  jllC  (requires  programming) 

ATTINY261-20PU-ND 

□ IC101-801 

Optocoupler,  triac  output 

MOC3010M-ND 

□ Q101-Q801 

Alternistor  triac,  400V  8ATO-220AB 

Q4008LH4-ND 

HARDWARE 

□ CN1  ,CN2 

Vertical  header  conn  0.100"  10  pos 

A26573-ND 

□ CN3,  CN4 

Terminal  block,  5mm,  horizontal,  6 pos 

ED2574-ND 

□ CN5 

Terminal  block,  5mm,  horizontal,  8 pos 

ED2575-ND 

□ CN6 

Vertical  header  conn  0.100"  6 pos 

A26569-ND 

□ SI 

DIP  switch,  3 pos,  sealed 

GH7182-ND 

□ FI 

Fuse,  250V  IEC  FA  LBC  5X20  5A 

F2395-ND 

□ N/A  (x2) 

Fuse  clip,  10A  5X20mm  PC  mount 

F063-ND 

□ N/A 

20  pin  1C  socket 

ED3120-ND 

Holiday  Wrap-Up 

I hope  this  article  was  informative, 
even  though  we  rehashed  details  from 
a year  ago.  I like  to  improve  projects 
and  correct  problems  as  they  crop  up 
so  I have  been  busy  with  my  original 
Holiday  Lights  Controller  design 
along  side  the  new  one.  This  year, 
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I/O  cards  when  the  AC  mains  voltage  has  crossed  zero. 
The  monitoring  LEDs  follow  the  change  in  brightness  of 
the  lamps  connected  to  the  output  of  each  channel.  To 
better  visualize  this  idea,  see  Figure  5. 

Different  lamp  structures  have  different  heating  curves 
due  to  the  mass  of  their  metal  filaments.  Commercial 
stage  lighting  controllers  have  profiles  that  are  designed 
for  specific  lamp  types.  This  is  a moot 
point  in  a hobby  grade  holiday  lights 
controller,  but  worth  remembering 
if  your  lights  seem  a little  "notchy" 
upon  a slow  fade 
up  or  down. 

The  AVR  pC  on  each  I/O  card 
requires  its  own  firmware,  so  the  Mkll 
I/O  card  has  a six  pin  header  for 
programming.  As  it's  only  needed 
once,  it  can  be  left  off  the  PCB,  or  use 
pre-programmed  AVR  chips  and  install 
a 20  pin  DIP  socket. 


we're  dazzling  the  neighborhood,  and  if  you  drive  by, 
please  enjoy  the  show!  NV 


Have  a question? 

Please  contact  the  author  via  email  at 
pstonard@ix.netcom.com.  Or,  join  us  on-line  at 
the  Nuts  & Volts  forum,  (www.nutsvolts.com) 


DimensionEngineering 

ww^dim&n^i&nflnQin6&ri  fiB.com 


Sabertooth  2X10 
Dual  10A  motor  controller 

Features  include: 

b B-24V  Input  / 2s-6s  LiPo 
a Regenerative  braking  extends  battery  life 
■ Lithium  mode  protects  expansive  LIP o batcerlec 
° Sefect  able  mixing  and  exponential  control 
Ultrasonic  switching  Frequency 
a Tiiermal  and  ovaraurrant  protected 
o Analog,  R/C  and  aanal  input  modes 
S a £.  1 cz  / 6Qg  includes  heatsink 
a 1 5 A peak  per  channel 


PLUS  MANY  OTHER  CONTROLLERS  TO  FIT 


YOUR  PROJECT  SIZE  AND  BUDGET  AT 
DFMENSICNENGENEERINC.COM 
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by  Marvin  Mallon 


THE  ALfOIDiMETER 

Do  you  wonder  what  altitude  your  model 
Cessna  made  it  to  on  that  last  flight? 

Need  to  know  how  high  up  the  face  of 
Half  Dome  you've  climbed?  Wonder  how  far 
down  it  is  to  the  swirling  Pacific  as 
you  hang  glide  overTorrey  Pines? 

Sounds  like  you're  a candidate  for  a 
Zlog  miniaturized  recording  altimeter. 


This  intriguing  device  is  the 

brainchild  of  Matt  Woolsey,  sole 
proprietor  of  Hexpert  Systems  located 
in  Grass  Valley,  CA.  Principally  created 
as  an  accessory  for  hobbyists  engaged 
in  model  aircraft  flight,  the  concept  of 
a recording  altimeter  lends  itself  to  a 
number  of  applications.  This  article 
explores  how  it  works  and  how  it  can 
be  adapted  to  your  own  project. 

The  fully  assembled  unit  weighs 
only  eight  grams  and  measures  1.57" 
x 0.92"  x 0.37"  or  in  metric  terms,  40 
mm  x 23.4  mm  x 9.4  mm.  The  device 
is  a stunning  example  of  state-of-the- 
art  electronic  miniaturization.  It  was 
designed  to  provide  a lightweight, 
compact  device  for  measuring  and 
recording  altitude  over  time.  It  is 
specifically  for  use  onboard  a radio 
controlled  (R/C)  aircraft,  but  should 
be  useful  in  other  applications,  as 
well.  ZLog  provides  live  altitude 
information  in  the  field  via  its 
self-contained  digital  display,  and 
recorded  altitude  data  through  a 
USB  interface. 

How  It  Works 

The  ZLog  module  uses  a high- 
resolution  barometric  pressure  sensor 
system  to  detect  the  minute  changes 
in  air  pressure  that  occur  due  to 
changes  in  altitude.  It  is  sensitive 
enough  to  detect  altitude  changes 
of  less  than  one  foot.  Since  it  is  so 
sensitive,  it  is  also  subject  to  changes 
in  weather  and  local  pressure 
variations.  Long-term  altitude  readings 
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will  vary  considerably  due  to  varying 
atmospheric  conditions.  It  is  best  used 
to  measure  relative  changes  in 
altitude.  Key  features  include: 

• Displays  altitude  information  in 
real  time. 

• Tracks  maximum  altitude. 

• Records  altitude  data  for  later 
review. 

• USB  PC  interface  built  in  for 
configuration  and  data  download 
and  review. 

• Local  controls  allow  configuration 
in  the  field. 

• Records  altitude  either  periodically 
or  when  triggered  from  an  external 
signal. 

• Firmware  upgradeable. 

• Weighs  only  eight  grams. 

The  host  system  requirements  are: 

• A PC  with  Win98,  Windows  ME, 
Windows  NT,  Windows  2000,  or 
Windows  XP. 

• CD-ROM  drive. 

• USB  port. 

• Two  megabytes  hard  drive  space. 

Figure  1 shows  the  ZLog  module. 
Two  pushbutton  switches  are  used  to 
configure  the  device  and  to  select 
either  a current  or  maximum  altitude 
display.  A three-pin  connector 
connects  to  the  model  aircraft's 
onboard  receiver  to  obtain  power, 
but  for  non-R/C  use  a battery  can  be 
attached  to  the  servo  pass-through 
connector.  Input  voltage  can  range 
from  3.7  to  30  volts  DC.  Current  drain 
is  only  13  milliamps.  The  backlight 


draws  another  three  milliamps.  The 
unit  operates  over  a temperature 
range  of  0°  C to  60°  C.  Within  this 
range,  the  pressure  sensor  has  an 
accuracy  of  +1 .5%  of  its  measured 
output  to  the  microcontroller.  If  the 
temperature  dips  to  -10°  C,  the 
accuracy  is  reduced  to  +3.0%.  These 
deviations  are  non-linear  and  are 
dependent  on  altitude. 

The  unit  can  operate  up  to 
52,000  feet  but  will  only  display  9,999 
feet,  yards,  or  meters.  The  recorded 
data  permits  altitude  readings  to  a 
maximum  of  32,767  feet.  Conversely, 
the  minimum  absolute  altitude  for 
operation  is  -2,000  feet.  This  figure  is 
academic  since  the  device  is  hardly 
waterproof,  but  if  taking  a reading  at 
the  bottom  of  the  Mariannis  Trench  is 
your  thing,  then  attach  it  outside  your 
bathysphere  next  time  you  go  diving. 

At  that  level,  it  will  display  -999 
feet/yards  or  meters  and  record  (either 
relative  or  absolute)  up  to  -32,512 
feet.  Negative  altitude  range  is 
required  to  measure  altitude  in 
low-pressure  zones  (e.g.,  in  a storm). 
Water  pressure  increases  much  faster 
with  depth  than  does  air  pressure. 
Either  above  or  below  sea  level,  the 
unit  has  an  altitude  resolution  of  one 
foot  (or  one  meter,  whichever  is  the 
chosen  measure).  These  parameters 
are  summarized  in  Figure  2.  Figure  3 
is  a block  diagram  of  the  ZLog  unit. 
Here  are  descriptions  of  each  section: 

• Integrated  Pressure  Sensor  — Silicon 
micro-machine  sensor  with  integrated 
signal  conditioning,  amplification, 


linearization,  and  temperature 
compensation.  Outputs  a signal 
proportional  to  air  pressure. 

• 1 6-bit  Analog-to-Digital  Converter  — 
Transforms  the  analog  info  from  the 
sensor  into  the  necessary  digital 
representation  for  further  processing 
by  the  microcontroller. 

• Microcontroller  — Eight-bit  8051 
with  onboard  Flash  and  RAM.  Reads 
the  A/D,  calculates  altitude  from  pres- 
sure, displays  the  altitude,  and  records 
to  EEPROM  (electronically  erasable 
programmable  read-only  memory). 

• LCD  Display  — Four-digit  LCD  with 
inter-integrated  circuit  interface. 

• 32K  EEPROM  — For  storing 
recorded  altitude  data. 

• USB/Serial  Converter  — Interface 
to  PC  or  external  microprocessor  for 
configuring,  reading/writing  altitude 
data,  logging  real-time  altitude,  etc. 

• Buttons  — Allow  user  to  configure 
the  altimeter  setup  using  the  LCD. 

• LEDs  — Indicate  USB  link,  power, 
recording  on,  and  flashes  with 
each  sample. 

• Voltage  Regulator  — Converts  input 
voltage  to  regulated  3.3V  for  the 
system.  Takes  input  either  from  the 
USB  port  if  attached  or  an  external 
battery  (or  R/C  receiver  channel). 

Figure  4 is  a representation  of  the 
placement  of  all  of  these  components. 

Operation 

The  module  operates  in  one  of 
three  modes,  depending  on  the 
position  of  the  pushbutton  switches 
at  startup.  These  modes  are  shown  in 
Table  1 . 

Normal  Mode 

Normal  mode  is  how  the  module 
will  be  used  most  of  the  time.  In  this 
mode,  the  module  continuously 
displays  altitude.  The  display  updates 
four  times  per  second.  Note  that 
this  does  not  necessarily  correlate  to 
the  sampling  period.  The  following 
controls  are  available  in  normal 
mode: 

• Current/ Maxi  mum  Altitude  Select  — 
Toggles  the  display  between  current 


Dimensions 

1.57"  x 0.92"  x 0.37" 

40  mm  x 23.4  mm  x 9.4  mm 

Weight 

Eight  grams 

Temperature  Range1 

0°C-60°C  (pressure  sensor  ±1.5%  accuracy) 
-10°C-60°C  (pressure  sensor  ±3.0%  accuracy) 

Input  Voltage  Range 

4.0-30.0  volts  DC 

Input  Current 

16  milliamps  (backlight  on).  13  milliamps  (backlight  off). 

Maximum  Altitude1 

Measured:  52,000  feet  (15,849  meters) 
Displayed:  9,999  feet/yards/meters 
Recorded:  32,767  feet  (9,987  meters) 

Minimum  Altitude1 

Measured  (absolute):  -2,000  feet  (-656  meters) 

Displayed  (relative  or  absolute):  -999  feet/yards/meters 
Recorded  (relative  or  absolute):  -32,512  feet  (-9,909  meters) 

Memory  Capacity 

16,378  samples 

Acquisition 
Sampling  Rates 

100  milliseconds/sample  up  to  one  hour/sample  in 
100  millisecond  increments 

Timing  Accuracy 

±2.5% 

Altitude  Resolution 

One  foot  (one  meter) 

Specifications  taken  from  component  ratings  and  system  limits;  may 
not  have  been  tested  to  the  full  extent  of  the  specified  ranges. 

M FIGURE  2 

altitude  and  maximum  altitude. 

The  display  differentiates  the  two  by 
flashing  the  maximum  altitude.  The 
maximum  altitude  is  the  greatest 
altitude  recorded  since  the  module 
was  turned  on. 

• Zero  Altitude  — The  current  altitude 
to  be  set  as  the  zero  point  with  all 
subsequent  readings  being  relative 

to  that  point. 

• Recording  Start/ Stop  — Store 
altitude  data  in  memory.  The  number 


of  data  sets  is  limited  only  by  the 
amount  of  free  data  storage  memory 
available. 

Config  Mode 

Config  mode  allows  the  module 
to  be  configured  using  the  two 
pushbuttons. 

• RATE  — This  option  selects  the 
sampling  period. 

• CLR  — This  command  clears 
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Normal 

51  not  pressed 

52  not  pressed 

Altitude 

Normal  operating  mode  — 
Displays  altitude; 
interfaces  with  PC. 

Config 

51  pressed 

52  not  pressed 

"Cfg  " 

Configuration  mode  — Used 
to  configure  the  module 
via  the  pushbuttons. 

Program 

51  not  pressed 

52  pressed,  or 
initiated  by 
firmware  update 
from  PC  software 

"Prog" 

Program  mode  — Used  to 
put  the  module  into  a 
programming  mode  for 
loading  new  firmware 
updates  to  the  module. 
Don't  use  this  module 
until  specifically  instructed 
to  do  so  by  the  PC 
application  software 
during  an  update. 

■ TABLE  1 

the  data  memory. 

• NIT  — This  option  selects  the  altitude  units. 

• LITE  — This  option  selects  whether  the  display 
backlight  is  off  or  on. 

• TRIG  — This  option  selects  whether  external 
trigger  recording  is  off  or  on. 

• TREV  — This  option  selects  normal  or  reversed 
action  for  the  servo-triggered  altitude  capture. 

• STRT  — This  selects  between  auto-start  recording 
options. 

• STOP  — This  selects  between  auto-stop  recording 
options. 

• ZERO  — This  selects  between  auto-zero  altitude 
options. 

• BAUD  — This  command  changes  the  baud  rate 
that  ZLog  uses  to  communicate  with  the  PC  or 
other  electronics. 

• DFLT  — This  command  resets  the  configuration  values 
to  defaults. 

• SAVE  — This  command  will  save  the  changed  parameters. 

• RST  — This  command  will  reset  the  module. 

Program  Mode 

Programming  mode  allows  new  firmware  to  be  loaded 
into  the  ZLog  module  through  the  PC  interface. 

• PC  Interface  — The  PC  USB  cable  connects  to  the  ZLog 
module's  USB  Mini-B  connector.  When  connecting  the  USB 
cable,  the  ZLog  module  is  also  powered  through  the  USB 
port. 

• PC  Software  — Permits  the  downloading  of  the  latest 
software  and  USB  drivers. 

Figure  5 represents  a typical  Altitude  versus  Time  readout 
as  recorded  when  the  ZLog  altimeter  captures  flight  data. 
Other  scaling  would  produce  similar  information  if  you 
were  hang  gliding,  skiing  down  your  favorite  slope,  and  in 
any  other  circumstance  where  altitude  varies  with  time. 

It's  important  to  note  the  difference  between  Absolute 


and  Relative  altitude.  Absolute,  of  course,  refers  to  your 
height  above  sea  level.  This  reading  on  the  ZLog  device 
could  be  off  by  as  much  as  a few  hundred  feet  due  to 
varying  atmospheric  conditions.  Barometric  pressure 
changes  caused  by  approaching  storms,  etc.,  influence  the 
accuracy  of  any  altimeter  when  attempting  to  make  this 
reading.  That's  why  pilots  get  a specific  reading  from  the 
control  tower  prior  to  take-off. 

Relative  altitude  is  a measure  of  the  change  in  height 
from  a previously  reset  base  altitude.  For  most  applications, 
this  is  quite  sufficient.  If  you  make  Katmandu  your  starting 
point,  then  you  know  you  only  have  another  24,535  feet 
to  go  to  reach  the  top  of  Everest.  Don't  forget  to  bring 
fresh  batteries. 

Building  the  Altoidimeter 

Matt  kindly  volunteered  a unit  and,  after  a little 
experimentation,  I found  that  it  and  a nine  volt  battery  fit 
nicely  into  an  Altoids  box  (Figure  6).  Using  self-adhesive 
hook  and  loop  strips,  I fastened  the  battery  to  the  inside 
upper  third  of  the  container.  Figure  7 shows  how  snugly  it 
fits  and  yet  can  be  removed  easily  for  a battery  change. 


Button  SI  Button  52 

USB  Connector 


FIGURE  4 
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Power  LED 
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Pressure  Sensor 


Acquire  LED 


Recording  LED 
USB  Unit  LE  D 


■ FIGURE  5 Altitude  versus  Time 
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Next,  I glued  down  a piece  of  card- 
board to  act  as  an 
insulator  against  shorts  when  the 
ZLog  unit  is  mounted. 

The  unit  (as  supplied)  does  not 
have  an  on-off  power  switch,  so  I 
improvised  one  by  mounting  a 
miniature  slide  switch  (see  Figure  8) 
and  cut  the  positive  lead  of  the 
battery  adapter  connector  and 
soldered  it  as  shown.  Any  small  SPST 
found  in  your  junk  box  will  do.  The 
switch  was  permanently  super  glued 
in  place  since  replacement  seems 
unlikely.  Next,  I slid  the  ZLog  unit  in 
place.  It  fit  snugly  without  rattling 
around  but  still  permitted  removal  for 
hookup  to  a PC  using  the  USB  cable 
that  Matt  supplies.  Voila!  You  have 
just  constructed  your  own  personal 
Altoidimeter. 

Operation 

In  operation,  the  lid  of  the  box  is 
opened,  the  power  switch  is  thrown, 
and  the  miniature  LED  indicates  that 
you  are  on  the  air.  SI  and  S2  are 
pressed  simultaneously  to  zero  the 
display.  You  are  now  ready  to  read 
relative  altitude.  The  package  works 
just  fine  with  the  cover  closed 


since  there  is  enough  of  an  opening 
at  the  hinges  to  guarantee  that  the  air 
pressure  inside  the  box  is  the  same 
as  outside. 

How  about  some  peculiar,  but 
informative  applications,  such  as: 

• Take  it  on  your  next  roller  coaster 
ride  and  get  a readout  on  just  how 
high  the  Blue  Monster  took  you.  Plug 
the  unit  into  your  PC  and  get  a graph 
of  time  versus  altitude  for  that  bit  of 
excitement.  Don't  be  surprised  if  the 
chart  looks  like  a spread  out  display 
of  the  peaks  and  troughs  of  the  track 
layout. 

• Get  a read  on  how  high  your 
model  rocket  ascended.  A bit  more 
cushioning  would  seem  prudent 
since  hard  landings  are  a common 
occurrence.  You'll  want  to  put  it  into 
its  maximum  altitude  mode. 

• Somebody  gave  you  a gift 
certificate  for  that  balloon  ride  you 
always  wanted  to  take?  Great!  The 
Altoidimeter  is  the  perfect  companion 
for  the  trip.  I drifted  lazily  in  one  of 
those  hot  air  bags  over  Perris,  CA  one 
cool  desert  morning  but  had  no  idea 
how  high  we  climbed.  The  onboard 
LCD  display  would  have  come  up 
with  the  answer.  NV 


FIGURE  8 


RESOURCES 

A visit  to  Matt's  website  at  www.hexpert 
systems.com  will  furnish  further  information  about 
this  and  other  products  of  his.  Lists  of  dealers  who 
handle  these  devices,  as  well  as  entry  to  his  online 
store  are  also  available.  An  email  to  him  will  get  a 
speedy  response. You  can  inquire  about  purchasing 
a completely  assembled  unit  or  just  a subset  of 
the  device  such  as  the  circuit  board  only,  the 
pressure  sensor,  the  LCD  display,  or  possibly  other 
components  should  you  wish  to  incorporate  the 
functionality  of  the  unit  into  your  own  project. 
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by  Joe  Pardue 


PART  4: 

Teaching  a 
Butterfly  to  Talk 


This  month,  we  are  going  to 
learn  some  more  C syntax,  a bit 
about  libraries,  and  teach  your 
Butterfly  to  talk.  Now  that  you've 
gotten  hooked  on  learning  C for  the 
AVR,  I want  to  admit  to  some 
trepidation  about  how  this  stuff 
should  be  taught. 

Most  people  like  my  method  that 
gets  you  started  blinking  LEDs  and 
reading  switches  without  fully 
understanding  all  the  code  you  are 
using.  I tell  folks  to  be  patient  and 
that  some  of  the  weird  stuff  will  even- 
tually start  to  make  sense.  This  is  how 
I learned  C.  I copied  lots  of  code, 
bent  it  to  fit  my  needs,  and  then  read 


about  the  stuff  I didn't  understand. 
This  worked  for  me,  but  it  isn't  a 
formal  handholding,  spoon-feeding 
process  like  some  folks  seem  to  want. 
Frankly,  if  you  really  need  that,  then 
you  should  think  hard  about  messing 
with  microcontrollers  or  program- 
ming, since  this  is  a wild  and  chaotic 
milieu  through  which  there  is  no 
royal  road.  You  have  to  do  a lot  of 
work  and  can  count  yourself  lucky  to 
get  an  experienced  guide. 

Another  issue  is  that  at  the  rate 
we  are  going,  mixing  in  projects  and 
asides  like  this  one,  it  will  take  us 
nearly  a year  to  work  through  the  C 
language  syntax.  This  is  a good  thing 


in  that  it  gives  us  plenty  of  time 
and  lots  of  microcontroller-related 
examples,  but  it's  a bad  thing  since 
most  folks  can  learn  the  syntax  a lot 
faster  if  they  so  choose.  For  those 
who  wish  we'd  move  things  along  a 
bit  faster,  I want  to  suggest  that  you 
get  the  shareware  Pelles  C compiler 
at  www.smorgasbordet.com/pellesc/ 
and  then  purchase  the  venerable 
The  C Programming  Language  by 
Kernighan  and  Ritchie.  That  way,  you 
can  zip  along  learning  C syntax  at 
your  own  rate  and  use  this  workshop 
to  review  in  the  context  of  AVR 
microcontrollers. 

Some  More  C Syntax 

Assignment  Operators 
Relational  Operators 

Operators  seem  like  ordinary 
arithmetic  or  algebra  symbols,  and 
they  mostly  are.  But  they  are  different 
often  enough  that  you  need  to  pay 
attention  when  operations  don't  act 


Operator 

Name 

Example 

Defined 

* 

Multiplication 

x*y 

Multiply  x times  y 

/ 

Division 

x/y 

Divide  x by  y 

% 

Modulo 

x%y 

Provide  the  remainder  of  x divided  by  y 

+ 

Addition 

x+y 

Add  x and  y 

- 

Subtraction 

x-y 

Subtract  y from  x 

++ 

Increment 

X++ 

Increment  x after  using  it 

— 

Decrement 

— X 

Decrement  x before  using  it 

- 

Negation 

-x 

Multiply  x by  -1 

+ 

Unary  Plus 

+x 

Show  x is  positive  (not  really  needed) 

TABLE  1.  Arithmetic  Operators. 

Operator 

Name 

Example 

Defined 

> 

Greater  than 

x>y 

1 if  x is  greater  than  y,  otherwise  0 

>= 

Greater  than  or 
equal  to 

x>=y 

1 if  x is  greater  than  or  equal  to  y, 
otherwise  0 

< 

Less  than 

x<y 

1 if  x is  less  than  y,  otherwise  0 

<= 

Less  than  or  equal 
to 

x<=y 

1 if  x is  less  than  or  equal  to  y, 
otherwise  0 

== 

Equal  to 

x=y 

1 if  x equals  y,  otherwise  0 

!= 

Not  equal  to 

x!=y 

1 if  x is  not  equal  to  y,  otherwise  0 

TABLE  2.  Relational  Operators. 
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like  you  think  they  should.  An 
example  of  the  kind  of  confusion 
you  can  run  into  is  when  you  use  the 
'='  assignment  operator  and  the  '==' 
Is  equal  to'  operator: 


You  could  write  this  as: 


if ( temp  > 150 
else 


turnFan(ON)  ; 
turnFan(OFF)  ; 


So  the  answer  is  40,  right? 
Wrong,  according  to  C,  it  is  -25. 
The  compiler  does  the  division  and 
multiplication  first,  then  the  addition 
and  subtraction: 


x = y; 

if  (x==y)  _delay_loop_2  (30000)  ; 

The  first  statement  assigns  x the  value 
of  y.  The  second  statement  calls  the 
_delay_loop_2(30000)  function  if  x 
'is  equal  to'  y.  What  about: 

if(x=y)  _delay_loop_2  (30000)  ; //BAD 
STATEMENT 

This  will  set  x equal  to  y and 
then  call  the  _delay_loop_2(30000) 
function.  The  'if'  is  checking  to  see  if 
the  statement  is  true,  meaning  that  it 
is  not  equal  to  0.  In  our  case,  the 
delay  will  always  run  unless  y is  0, 
then  it  will  never  run.  Either  way,  it 
isn't  what  you  thought  you  were 
testing.  The  WinAVR  compiler  will 
think  something  is  strange  and  issue 
this  warning: 

Warning:  suggest  parentheses 
around  assignment  used  as  truth  value 
which  will  scroll  by  so  fast  you  won't 
see  it,  so  you'll  assume  the  compile 
was  good.  It  is  a very  easy  mistake  to 
make,  and  you  will  feel  really  dumb 
after  an  hour  of  debugging,  looking 
for  something  obscure,  only  to  find  a 
lousy  missing  '='  character.  I do  this 
all  the  time. 

Assignment  Operators 

The  assignment  operators 
provide  a kind  of  shorthand  tech- 
nique for  arithmetic  operations.  The 
following  statements  are  equivalent: 

my Byte  = my Byte  + yourByte; 

Same  as: 

my Byte  +=  yourByte; 

Conditional  Expressions 

You  will  frequently  need  to 
make  decisions  based  on  external 
conditions.  For  example,  if  the 
temperature  is  above  150°  F turn  the 
fan  on,  otherwise  turn  the  fan  off. 


Or,  you  could  use  the  C condi- 
tional operator  ?:  as  below: 

temp  > 150  ? turnFan(ON)  : 
turnFan(OFF) ; 

The  operation  has  the  form 
expressonl  ? expression2  : 
expression3,  and  follows  the  rule 
that  if  expression  1 is  true  (non-zero 
value),  then  use  expression2, 
otherwise  use  expression3.  This 
operator  seems  a little  gee-wiz- 
impress-your-friends  and  not  as  clear 
as  the  if-else  expression,  but  you'll 
see  this  a lot  so  get  used  to  it. 

Precedence  and  Order  of  Evaluation 

When  a statement  has  a 
sequence  of  operators  such  as: 

x = 50  + 10  / 2 - 20  * 4; 

the  compiler  follows  an  order  of  cal- 
culation based  on  operator  precedence. 
But  what  the  compiler  does  may  not 
be  what  you  intended.  Calculate  the 
value  of  x.  Did  you  get  40?  If  you 
performed  the  calculations  sequen- 
tially beginning  at  the  left,  you  get: 

x = 50  + 10  / 2 - 20  * 4 
x=  60/2-  20  *4 
x = 30  - 20  * 4 
x = 10  * 4 
x = 40 


x = 50  + 10  / 2 - 20  * 4 
x = 50  + 10  / 2 - 80 
x = 50  + 5 - 80 
x = 55  - 80 
x = -25 

Some  C gurus  will  memorize  the 
precedence  and  associativity  table 
and  actually  write  statements  like 
x = 50  + 10/  2 - 20  * 4.  Such  clever 
programmers  are  dangerous  and 
should  be  avoided  when  possible. 
The  Germans  have  a word  for  clever: 
kluge.  And  in  programming,  'kluge'  is 
a well-deserved  insult. 

Don't  be  clever,  be  clear.  Clever 
programming  is  difficult  to  read  and 
understand.  If  the  clever  programmer 
gets  run  over  by  a truck  (hopefully), 
his  code  will  be  inherited  by  some 
poor  guy  who  will  have  to  figure 
things  out.  DO  NOT  memorize  the 
Table  of  Operator  Precedence  and 
Associativity  in  C (which  I refuse  to 
even  show).  DO  use  '('  and  ')'  to 
make  your  program  clear! 

Which  is  clearer: 

x = 50  + 10  / 2 - 20  * 4; 

or  : 

x = 50  + (10  / 2)  - (20  * 4); 

The  second  adds  nothing  for  the 
compiler,  but  tells  the  reader  what 


Operator 

Name 

Example 

Defined 

= 

Assignment 

x=y 

Put  the  value  of  y into  x 

+= 

Add 

x +=  y 

Compound  assignment  provides  a short 
cut  way  to  write  an  expression,  for 
example: 

x +=  y;  is  the  same  as  x = x + y; 
x /=  y;  is  the  same  as  x = x/y; 

-= 

Subtract 

x -=  y 

*_ 

Multiply 

x *=  y 

/= 

Divide 

x /=  y 

%= 

Modulo 

x %=  y 

«= 

Left  Shift 

x «=  y 

»= 

Right  Shift 

x «=  y 

&= 

Bitwise  AND 

X &=  y 

A- 

Bitwise  XOR 

X 

> 

II 

< 

1= 

Bitwise  OR 

x |=y 

TABLE  3.  Assignment  Operators. 
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you  intended.  What  if  you  really 
meant  to  have  the  operations 
performed  in  the  order  listed?  Then 
you  would  write: 

x = ((((50  + 10)  / 2)  - 20)  * 4); 

which  would  make  x = 40.  The 
parentheses  can  get  mighty 
confusing,  but  not  nearly  as 
confusing  as  their  absence. 

Getting  Started  with  C 
Libraries 

Libraries:  avr-libc  library 

Software  libraries  are  repositories 
of  functions  that  have  been 
precompiled  and  stored  as  object 
modules  that  the  compiler/linker  can 
find  and  put  into  the  code  when 
you  want  to  use  them.  These  library 
functions  are  defined  in  a header 
ile  (filename  ends  with  an  .h  suffix), 
usually  with  the  same  name  as 
the  library  and  have  some 
documentation  that  tells  you  how 
to  use  the  function  (avr-libc-user- 
manual.pdf  which  you  can  find  at 
the  unlikely  location  C:\WinAVR- 
20071 221  \doc\avrlibc\  if  you 
followed  instructions  and  installed 
WinAVR  in  the  default  location).  You 
saw  an  example  of  a header  file  in 
PortlO.c  from  Workshop  3: 

//  PortlO.c 
#include  <avr/io.h> 

Also,  we  are  talking  a lot  about 
functions  here  and  haven't  really 
addressed  what  a function  is  yet 
other  than  the  cursory  preview  given 
in  Workshop  2.  We  won't  get  into 
details  for  a few  Workshops,  but 
briefly,  a function  encapsulates  a 
computation;  it  may  return  a value 
and  it  may  require  input  parameters. 

The  really  great  thing  about 
library  functions  is  that  you  don't 
have  to  know  how  they  do  their  job 
and  you  never  have  to  look  at  the 
code  that  does  it.  In  object-oriented 
programming,  this  concept  is  called 
encapsulation  and  carries  with  it  the 
idea  that  the  less  you  can  get  your 
hands  on,  the  less  you  are  likely  to 
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screw  up.  Now  as  insulting  as  that 
may  seem,  it  is  nonetheless  a very 
good  software  engineering  principle. 

If  it  works  and  you  can't  get  at  it, 
then  you  can't  break  it. 

Let's  apply  this  by  using  the 
library  Iibsmws4.a  to  get  the  Butterfly 
shouting  some  math  at  the  PC. 

This  library  will  do  things  in  the 
background  that  will  allow  you  to 
send  and  receive  data  over  the  UART 
without  having  to  know  a thing  about 
how  it  works. 

We  will  also  use  two  standard  C 
libraries:  stdio  and  stdlib.  From  stdio, 
we  will  use  the  standard  C function 
printf()  and  a special  AVR  modified 
function  printfP(PSTR())  which 
allows  us  to  store  strings  in  Flash 
memory  which  we  have  a lot  of 
rather  than  RAM  (which  we  have 
much  less  of).  From  stdlib,  we  will 
use  atoi()  to  convert  an  ASCII  string 
to  an  integer.  Look  at  these  functions 
in  the  avrlibc  manual  and  try  not 
to  freak  out  too  much  over  the 
complexity  since  our  job  here  is  to 
learn  enough  over  time  so  that  the 
manual  will  make  sense,  eventually, 
more  or  less. 

Is  Anybody  Out  There? 
Communicating  With  a PC 

Most  microcontrollers  are  buried 
deep  in  some  device  where  they  run 
in  merry  isolation  from  the  rest  of  the 
world.  Their  programs  are  burned 
into  them  and  never  change.  But 
there  are  many  instances  when  we 
might  want  to  communicate  with  a 
microcontroller,  this  being  one  of 
them.  The  Butterfly  uses  a joystick 
and  an  LCD,  which  is  fine  for  its 
built-in  menu  based  applications. 

For  anything  more  complex  — like 
changing  the  microcontroller 
software  — nothing  beats  using  the 
PC's  serial  communications  port 
to  communicate  with  the 
microcontroller. 

What  we  need  is  a method  to 
send  commands  and  data  from  the 
PC  and  receive  responses  from  the 
Butterfly.  In  this  section,  we  will 
develop  a generic  command 
interpreter  skeleton  that  we  will  reuse 


in  later  programs.  In  this  project,  we 
will  use  this  skeleton  to  build  a 
demonstration  that  lets  the  PC  ask 
the  Butterfly  to  do  some  simple 
math.  Hey,  bet  you  never  thought 
you'd  be  training  a Butterfly  to  add, 
subtract,  multiply,  and  divide! 

Writing  MathCommunicator.c 

Let  me  repeat:  The 
MathCommunicator  files  we  are 
about  to  use  have  many  things  in 
them  that  are  well  beyond  our  C 
training  at  this  point,  so  just  use  them 
and  don't  think  too  hard  about  it  yet. 
We  will  revisit  each  function  in  later 
Workshops  as  we  increase  our 
knowledge. 

Before  creating  the 
MathCommunicator  project  in 
AVRStudio,  read  the  Smiley's 
Workshop  4 - Supplement:  Adding 
Libraries  to  Projects  pdf  file  that 
you  can  get  from  Nuts  & Volts 
(www.nutsvolts.com)  or  Smiley 
Micros  Workshop4.zip  download 
that  also  contains  the  AVRStudio 
project. 

#include  <avr/io.h> 

#include  <stdio.h> 

#include  <stdlib.h> 

//  include  the  special  library 
//  for  Smiley's  Workshop  4 
# include  "smws4.h" 

//  define  the  parseCommand 
//  fuction 

void  parseCommand (char  *, 
uint8_t ) ; 

int  main (void) 

{ 

char  b = 0 ; 
char  s [ 6 ] ; 
uint8_t  count  = 0; 

//  this  is  in  libsmws4 
initialization ( ) ; 

//  the  _P  and  PSTR  weirdness 
//  allows  you  to  store  a 
//  string  in  flash  rather  than 
//  wasting  space  in  SRAM 
print  f_P ( PSTR ( "Math 
Communicator  at  your  serv- 
ice ! \n" ) ) ; 

while ( 1 ) 

{ 

while (b  ! = ' = ' ) 

{ 

//  this  is  in  smws4.a 
b = (char ) receiveByte ( ) ; 
s[ count ++]  = b; 

} 
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parseCommand ( s , count ) ; 
b = 0; 
count  = 0 ; 

} 

return  0 ; 

} 

void  parseCommand (char 
*s,uint8_t  cnt) 

{ 

int  a , b ; 
char  t [ 3 ] ; 

t[0|  = s[0] ; 
t [1]  = s[l] ; 

t [2  ] = 0; 

a = atoi  ( t ) ; 
t [0]  = s [ 3 ] ; 

t[l]  = s [ 4 ] ; 
t [ 2 ] = 0; 

b = atoi  ( t ) ; 

switch  (s  [2 ] ) 

{ 

case  ' + ' : 

printf ( " %d  + %d  = 
%d\n" , a, b, a+b) ; 
break; 
case  ' - ' : 

printf ("%d  - %d  = 
%d\n" , a,  b, a-b) ; 
break; 
case  ' / ' : 

printf ("%d  / %d  = 
%d\n" , a, b, a/b) ; 
break; 
case  ' * ' : 

printf ("%d  * %d  = 
%d\n" , a,  b, a*b) ; 
break; 
case  ' % ' : 

printf ("%d  %%  %d  = 
%d\n" , a,  b, a%b) ; 
break; 
default : 

{ 

print  f _P ( PSTR ( " Say 
what ?\n" ) ) ; 
break; 

} 

} 


two  digit  integers.  We  will  also  tell 
the  Butterfly  that  the  communication 
is  finished  by  sending  an  equal  sign 
/=/.  We  will  send  a digit  as  exactly 
two  characters  and  if  the  digit  is  only 
one  character,  we  will  precede  it 
with  a 0;  also,  we  will  use  no  spaces. 
For  example: 


Add: 

Subtract : 
Divide : 
Multiply: 
Modulus : 


01+01= 

02-01= 

50/05= 

25*05= 

99%05= 


To  help  you  with  this,  there 
is  an  XML  data  file: 
MathCommunicatorXMLData.xml  in 
Workshop4.zip  file  that  includes 
some  examples  of  each  math 
function  used.  In  Developer  Terminal, 
open  the  Tile'  menu  then  select 
'Open  XML  Data'  and  browse  to 
the  same  directory  as  the 
MathCommunicator  source  code. 

Next  month,  well  look  at  some 
more  C syntax  and  learn  that  there 
are  exactly  10  types  of  people  in  the 
world:  those  that  understand  binary 
and  those  that  don't.  And,  yes,  that 
will  make  sense  after  you've  read  the 
article.  NV 


Joe  Pardue  (nv@smileymicros.com)  has  a 
BSEE  and  ope  rate's"  www.smileymicrosxom 
from  the  shadows  of  the  Great  Smokey 
Mountains  in  Tennessee.  He  is  author  of 
Virtual  Serial  Port  Cookbook  and  C 
Programming  for  Microcontrollers. 


} 


The  parseCommand (char 
*s , uint8_t  cnt)  is  really  going 
to  challenge  my  'be  patient,  you'll 
learn  what  this  all  means  later' 
admonition.  I considered  just 
sticking  it  in  the  library  so  you 
wouldn't  be  blinded  by  it,  but  this 
will  all  make  sense  eventually  so, 
like  I said,  be  patient. 

Using  MathCommunicator.c 

We  will  demonstrate  this  code 
using  the  Developer  Terminal  that 
you  were  introduced  to  in 
Workshop  1. 

In  order  to  make  our  life 
simpler,  we  will  restrict  our  math  to 


Smiley's  Workshop  Live  in  Knoxville,  TN! 
Contact  nv@smileymicros.com  for  details. 


■ FIGURE  2.  Developer  Terminal  with 
Math  Communicator  XML  data. 
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A new  era  of  secure  RF 
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uiww.nutsvolts.com  and  click  Electro-Net 


tarr.  [MiB=[PiD(i)[L 


immmt  www, Foot,  csitm 
2 Days:  $92.80  8 Days:  $23.20 

Mfc#  iHserptii  1^%1-kFJwi,  |iK  • Iillil 


plug  in  t ^ fkVA 

X 


Pl*3 


I O n Add  USB  to  your  next  project— 

UOD  it’s  easier  than  you  might  think!  Oo,,a„ 

• USB-FIFO  • USB-UART  * USB/Microcontroller  boards 
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■ HARDWARE 

continued  from  page  34 

temperature  measurements 
of  objects  placed  within  the 
sensor's  cone  of  detection. 
The  sensor  is  comprised  of 
an  integrated  ASIC  and 
infrared  sensitive  thermopile 
detector.  The  sensor  commu- 
nicates with  an  SX20AC/ 
SS-G  coprocessor  over  a 
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digital  SMBus,  which  Parallax  has 
programmed  to  simplify  an  otherwise 
fairly  complex  communication 
protocol.  With  a temperature  range  of 
-70°C  to  380°C/  auto-baud  detection, 
and  a programmable  alarm  setting, 
this  module  becomes  very  useful  in 
many  applications  such  as  surface 
temperature  measurement,  human/ 


animal  presence  detection  or  HVAC. 
Up  to  100  modules  can  be  connected 
on  the  same  bus  making  multi-zone 
temperature  measurement  easy. 

For  more  information  on  the 
above  two  items,  contact: 

Parallax,  Inc. 

Web:  www.parallax.com 
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The  Velleman  Personal  Scope 
is  a complete  lOMS/s  portable 
oscilloscope.  (HPS10)  $146. 
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PRINTED  CIRCUIT  BOARDS 


QUALITY  PRODUCT 
FAST  DELIVERY 
COMPETITIVE  PRICING 


* Aluminum  Backed  PCB 
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* SMOBC/RoHS 

* LPI  mask 

* Through  hole  or  SMT 

* Nickel  & Gold  Plating 
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* Electrical  Testing 
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* Fast  quotes 

* Flex  Circuits 


1 0 pcs  (3  days) 

I or  2 layers  $249 

1 0 pcs  (5  days) 

4 layers  $695 

(up  to  30  sq.  in.  ea.) 
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NEW  300  SERIES  OF 
COMPACT  MULTI- 
FUNCTION DIGITAL 

MULTIMETERS 


xtech  Instruments  now  offers 
its  new  300  Series  of  digital 
multimeters  featuring  built-in  voltage 


detection.  Easy-to-operate  and 
conveniently  sized,  Extech's  300 
Series  is  ideal  for  electrical 
troubleshooting  by  combining  two 
meters  in  one.  Featuring  a non- 
contact  voltage  detector  combined 
with  a fully  featured  digital  multimeter, 
the  user  can  quickly  and  conveniently 


check  for  voltage  prior  to  attaching 
the  multimeter's  test  leads  to  the 
device  under  test. 


For  more  information,  contact: 

Extech  Instruments 
Tel:  781-890-7440 
Web:  www-extech.com 
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basic  overlay  board 

Display  text  and  graphics  from 
your  microcontroller  on  standard 
TV  monitors  with  B0B-4H. 
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Solderless  LED  clock  kits 

9"  x 5"  models  $25-33.  Free  shipping! 
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48+  red  or  blue  LEDs.  Price  is  after  $2  off 
coupon  code  'nv9'  at  http://LEDkit.biz 

Big,  bright,  fun!  Includes  all  materials. 

Incl.  transformer,  panel,  I CNLIf 
stands,  instruction  book.  r*  Is  t L *bi£ 


Home  Automation  Gateway 

Ethernet  / INSTEON  / X10 

Convenient  control  and 
monitoring  of  lights  ' j 

and  devices  with  a 
web  browser 

• Web  Server  ■ : £ 

• XML  socket 

• Timers  and  macros 

• Device  management  ^ 

• Web-based  upgradeable 

• Multi-controller  “scenes” 

• Free  desktop  application 

EFSrv#  www. SimpleHomeNet.com 
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MOVING  PAST  THE  2X16  LCD  DISPLAY 

Does  your  microcontroller  project  need  to  convey  a bit  more  information 
than  a standard  16x2  LCD  can  handle?  If  so,  one  of  the  best  ways  to  establish 
a data  communications  session  between  a microcontroller-based  device 
and  human  eyes  is  to  pipe  the  human-to-device  and  device-to-human 
chatter  through  an  RS-232  connection  that  you  establish  between  the 
microcontroller's  USART  and  a personal  computer's  serial  port. 


In  most  cases,  a typical  RS-232  terminal  emulator 
application  running  on  a PC  provides  an  infinite  textual 
palate  for  the  microcontroller.  If  the  terminal  emulator 
application  has  the  ability  to  mimic  an  industry  standard 
VT-100  terminal  (TeraTerm  Pro  does),  you  (the  embedded 
device  programmer)  can  call  upon  the  VT-100 
command  set  to  easily  manipulate  the  position  of  the 
microcontroller-generated  text  that  is  displayed  in  the 
terminal  emulator  window.  As  long  as  there  is  not  a 
requirement  for  the  display  of  graphical  information,  the 
RS-232  terminal  emulator-to-microcontroller  lashup  works 
very  well.  In  fact,  you've  seen  RS-232  embedded  device 
hookups  like  the  one  I've  just  described  work  for  us  many 
times  in  previous  Design  Cycle  discussions. 

Most  successful  microcontroller-based  embedded 

■ PHOTO  1.  My  first  impulse  was  to  purchase  a raw 
LCD  panel  and  mix  up  the  LCD  controller  hardware  from 
scratch.  However,  performing  a scratch  LCD  controller 
build  also  includes  a scratch  LCD  controller  firmware 
build. The  Matrix  Orbital  GLK240128-25  has  more  than 
adequate  firmware  and  application  support  behind  it, 
which  erases  the  reasoning  for  scratch-designing  LCD 
controller  hardware  and  firmware. 


devices  either  lead  lonely  lives  in  the  field  or  stand  at  a 
constant  vigil  performing  real  time  monitoring  and  control 
duties.  As  far  as  the  set-and-forget  embedded  devices  are 
concerned,  it's  normally  not  a problem  to  whip  out  your 
laptop  and  spawn  an  ad-hoc  conversation  with  the 
device's  on-board  microcontroller.  If  the  embedded  device 
is  working  full  time  at  communicating  real  time 
information  to  humans,  a dedicated  laptop  running  a 
terminal  emulator  may  not  necessarily  be  the  ideal  human- 
to-machine  interface.  Using  a laptop  in  this  manner  is 
expensive  and  normally  requires  a separate  laptop  power 
source  and  a reserved  piece  of  laptop  real  estate. 

If  you  have  a microcontroller  application  that  requires 
the  flexibility  and  large  textual  area  of  a laptop  terminal 
emulator,  there  is  a cheaper,  smaller,  and  less  power- 
hungry  alternative:  a ready-to-run-out-of-the-box  Matrix 
Orbital  GLK2401 28-25  LCD  panel. 


ONE  BIG  LCD 

My  "thing"  includes  soldering  irons,  microcontrollers, 
and  C compilers.  Arranging  a bunch  of  pixels  into  some- 
thing the  mind's  eye  sees  as  a recognizable  image  is  not 
something  I lay  awake  at  night  planning  to  do.  However,  if 
you're  artsy,  the  GLK2401 28-25  offers  a relatively  large 
dot-addressable  canvas  of  240  x 128  pixels.  For  folks  like 
me  that  only  use  Microsoft  Paint  to  view  bitmap  images, 
the  Matrix  Orbital  LCD  panel  has  built-in  functionality 
that  manages  fonts  and  bitmaps  while  making  us  art- 
challenged  geeks  look  really  talented  at  the  same  time. 

The  GLK2401 28-25  is  a large,  intelligent  LCD  panel 
that  interfaces  to  almost  anything  that  can  speak  RS-232 
or  PC.  The  one  we  will  be  working  with  can  be  seen  in 
Photo  1.  We'll  communicate  with  our  panel  using  a 
19,200  bps  RS-232  link,  which  happens  to  be  the  default 
RS-232  baud  rate. 

The  hardware  is  equipped  with  a 128  byte  receive 
buffer,  which  allows  the  GLK2401 28-25  to  communicate 
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at  a maximum  speed  of  1 1 5,200  bps  using  RS-232  and 
400  Kbps  utilizing  the  PC  protocol.  An  industry  standard 
RS-232  interface  1C  converts  the  AVR  USART  TTL  signals 
to  EIA  levels.  The  panel  also  allows  the  AVR  USART  to 
speak  directly  with  another  microcontroller  USART  using 
TTL  signals  only.  The  selection  of  RS-232,  TTL,  or  PC 
communication  links  falls  under  the  control  of  the 
Protocol  Select  Jumpers.  As  you  can  see  in  Photo  2,  the 
panel  is  jumpered  for  RS-232  operation. 

The  firmware  contained  within  the  ATMEL  AVR  micro- 
controller provides  programmatic  control  of  the  fonts, 
backlight,  and  contrast.  The  GLK2401 28-25  also  features  a 
25-key  matrix  keypad  interface.  A quick  look  at  Photo  3 
shows  us  that  the  communications  and  power  intercon- 
nects can  terminate  at  either  a standard  nine-pin  D-shell 
connector  or  at  a four-pin  diskette  drive  power  interface. 

Multiple  power  supply  voltage  levels  are  available  and 
depend  on  the  model  you  order.  The  hardware  you  see  in 
Photo  3 includes  an  optional  voltage  regulator  that  allows 
operation  between  7 VDC  and  1 5 VDC  (V  model). 

Models  that  operate  at  5 VDC  are  standard  with  a higher 
voltage  model  variant  (VPT  model)  available  that  can 
operate  at  voltages  up  to  35  VDC. 

The  use  of  the  four-pin  diskette  interface  and  the 
nine-pin  D-shell  connector  as  power  inputs  is  mutually 
exclusive.  A jumper  must  be  installed  to  allow  power  to 
flow  into  the  panel  via  pin  9 of  the  nine-pin  D-shell 
connector.  The  controller  circuitry  will  typically  draw 
about  31  mA.  If  you  use  the  integral  backlight,  plan  on 
supplying  an  additional  160  mA  of  current. 

Look  again  at  Photo  2.  The  keypad  matrix  interface  — 
which  consists  of  a column  of  pins  — is  located  just  to  the 
right  of  the  AVR  ATMEGA1 64  microcontroller.  We  can 
employ  a single  key  or  mix  and  match  any  number  of  keys 
up  to  the  maximum  number  of  keys  the  25  key  (5  x 5) 
matrix  will  physically  handle.  The  output  character  of  each 
key  is  programmable.  All  we  need  to  do  to  use  the  keypad 
feature  with  RS-232  is  simply  short  a row  pin  to  a column 
pin.  The  character  associated  with  the  row  and  column 
short  will  be  transmitted  from  the  RS-232  TX  line.  If  we 
lose  our  way,  or  the  GLK2401 28-25  goes  bonkers, 
shorting  the  row  5 and  column  1 pins  will  reset  the  unit 
to  factory  defaults.  In  that  the  panel  "remembers"  user 
settings  via  the  save  command,  the  factory  default  values 
must  be  saved  in  order  for  the  factory  default  settings  to 
become  the  configuration  settings  at  the  next  power-up. 

I would  venture  to  guess  that  the  GLK2401 28-25's 
128  byte  communications  buffer  is  located  within  the 
AVR's  internal  SRAM.  The  user  manual  states  that  there  is 
a 1 6 KB  chunk  of  bitmap  and  font  space  available  to  the 
user.  When  converted  to  bits,  16  KB  is  equivalent  to  128 

■ PHOTO  3.  Note  that  the  PC  diskette  drive  power 
connector  is  not  wired  as  a standard  PC  connector.  Also, 
the  nine-pin  D-shell  connector  and  the  four-pin  diskette 
drive  connector  cannot  be  used  simultaneously.  A jumper 
must  be  installed  to  allow  the  Matrix  Orbital  GLK240128-25 
input  power  to  flow  through  the  nine-pin  D-shell  connector. 

The  optional  voltage  regulator  is  mounted  just  above  the 
data  and  power  interface  connectors. 


■ PHOTO  2.  An  extended  temperature  range 
STMicroelectronics  ST232EB  RS-232  interface  1C  is  just  to 
the  left  of  the  Protocol  Select  Jumpers.  A Catalyst 
Semiconductor  128-Kbit  PC  Serial  CMOS  EEPROM  sits  to 
the  right  of  the  Protocol  Select  Jumper  area.  The  AVR  in 
command  is  an  ATMEGA164.  I suspect  that  the  bitmaps 
and  fonts  are  kept  within  the  EEPROM,  as  128  Kbits 
equates  to  the  16  Kbytes  of  bitmap  and  font  memory  the 
Matrix  Orbital  GLK240128-25  claims  to  contain. 

Kbits.  The  Catalyst  Semiconductor  24C128WI  I2C  CMOS 
EEPROM  just  happens  to  be  a 128  Kbit  device.  Hmmmm 


As  for  the  panel's  configuration  bits,  they  can  either 
be  stored  in  part  of  the  ATMEGA164's  internal  EEPROM 
or  blasted  into  a reserved  portion  of  the  ATMEGA1 64's 
program  Flash.  There  may  even  be  just  enough  byte  area 
within  the  EEPROM  to  squeeze  in  the  configuration  data. 

In  the  grand  scheme  of  things,  where  and  how  the 
LCD  panel  stores  the  configuration  and  graphical  data 
doesn't  matter  to  us.  All  we  care  about  is  that  the  storage 
areas  exist  and  are  available  to  us.  With  that,  limber  up 
those  fingers  and  let's  stuff  some  configuration  bits, 
graphical  code,  and  data  into  those  special-purpose 
memory  blocks  we've  just  discussed. 
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I.C.  PIXELS!! 


We  are  about  to  embark  on  a detailed  tour  of  the  C 
code  that  is  necessary  to  instruct  a Matrix  Orbital 
GLK2401 28-25  to  emulate  the  display  end  of  a PC 
terminal  emulator  application.  The  code  I will  reveal  to 
you  was  written  and  compiled  for  a PIC18F2620  using 
Microchip's  MPLAB  IDE  and  the  HI-TECH  PICC-18  PRO  C 
Compiler  package.  The  C driver  code  we  will  work 
through  can  be  adapted  to  most  any  microcontroller  with 
a USART  or  EUSART.  I use  the  PIC18F2620  because  it  is  a 
good  middle-of-the-road  PIC  microcontroller  that  supports 
many  of  the  standard  PIC  microcontroller  features. 

Writing  C for  a "generic"  PIC  like  the  PIC18F2620  makes 
it  a bit  easier  for  you  to  port  the  code  to  another  PIC 
microcontroller  of  your  choice. 

The  LCD  panel  is  supported  by  a PC  application 
called  MOGD#.  MOGD#  is  a free  Matrix  Orbital  support 
application  that  manages  font  and  graphic  downloads 
targeting  the  GLK2401 28-25  from  the  serial  port  of  your 
PC.  You  can  also  use  MOGD#  to  put  the  unit  through  its 
paces.  I used  MOGD#  to  preload  the  fonts  I desired  and 
to  upload  an  optional  graphic  image. 

I also  found  MOGD#  useful  when  I was  in  the  early 
stages  of  my  learning  curve.  If  something  I wrote  in  C 
didn't  work,  I verified  that  the  LCD  panel  could  indeed 
perform  my  "failing"  operation  via  MOGD#.  Since  we're 
primarily  interested  in  displaying  large  amounts  of  text, 
let's  begin  our  firmware  assembly  by  writing  some  lines 
of  C to  support  the  text  display  commands. 

All  of  these  commands  begin  with  the  byte  OxFE.  To 
move  the  cursor  to  the  home  position,  we  send  the  byte 
pair  OxFE  0x48.  However,  before  we  can  send  anything  to 
the  panel,  we  must  initialize  the  PIC's  EUSART: 


//********************************************** 

//*  Initialize 

EUSART  Function 

//********************************************** 

void  init  EUSART (void) 

{ 

//  load  baud  rate  divisor 

for  19200  bps 

//  with  20MHz  clock 
SPBRG  = 64; 

TRISC7  = 1; 

//receive  pin 

TRISC6  = 0; 

//transmit  pin 

TXSTA  = 0x04; 

//high  speed  baud  rate 

RCSTA  = 0x80; 

//enable  serial  port 

U S ART_RxTa i 1 = 0x00; 

//flush  rx  buffer 

USART_RxHead  = 0x00; 
U S ART_TxTa i 1 = 0x00; 

//flush  tx  buffer 

USART_TxHead  = 0x00; 
RCIP  = 1; 

//rx  int  = high  pri 

TXIP  = 1; 

//tx  int  = high  pri 

RCIE  = 1; 

//enable  rx  int 

PEIE  = 1; 

//enable  all  ints 

GIE  = 1; 
CREN  = 1; 

//enable  USARTl  rx 

TXIE  = 0; 

//disable  tx  int 

TXEN  = 1; 

//tx  enabled 

} 

I've  provided  some  important  information  in  the  EUSART 
initialization  comments.  For  instance,  our  GLK2401 28-25 
driver  code  timing  is  based  on  a 20  MHz  clock.  In  that 
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19,200  bps  is  a standard  baud  rate,  the  SPBRG  value  of 
decimal  64  was  pulled  directly  from  the  baud  rate  tables 
in  the  PIC  datasheet.  By  the  looks  of  the  EUSART-related 
variables  being  initialized,  the  PIC18F2620's  EUSART  will 
be  used  in  a buffered  and  interrupt-driven  manner.  Here 
are  the  EUSART  buffer  definitions: 

//************************ *********************** ******** 
//*  EUSART  BUFFER  DEFINITIONS 

//******************************************************* 

7/1,2,4,8,16,32,64,128  or  256  bytes 
#define  USART_RX_BUFFER_SIZE  256 

#define  USART_RX_BUFFER_MASK  ( USART_RX_BUFFER_SIZE  - 1 
) 

//  1,2,4,8,16,32,64,128  or  256  bytes 
#define  USART_TX_BUFFER_SIZE  256 

#define  USART_TX_BUFFER_MASK  ( USART_TX_BUFFER_SIZE  - 1 
) 

unsigned  char  USART_RxBuf  [USART_RX_BUFFER_SIZE]  ; 
unsigned  char  USART_TxBuf  [USART_TX_BUFFER_SIZE]  ; 
unsigned  char  USART_TxHead, USART_TxTail ; 
unsigned  char  USART_RxHead,USART_RxTail; 

The  EUSART  buffer  mechanism  is  a classic  head-tail 
circular  buffer  arrangement.  Note  that  the  transmit  and 
receive  buffer  size  values  are  all  powers  of  2.  The  reason 
for  this  lies  in  the  way  the  buffer  masks  operate.  The 
buffer  masks  are  designed  to  wind  through  an  entire  trans- 
mit or  receive  buffer  area  in  a circular  manner  as  long  as 
the  buffer  area  is  defined  as  a size  that  is  a power  of  2. 

Once  the  EUSART  is  up  and  running,  we  can  utilize 
the  EUSART  interrupts  to  send  and  receive  characters. 
Right  now,  we're  interested  in  getting  two  home-the-cursor 
bytes  out  to  our  GLK2401 28-25.  The  EUSART  interrupt 
firmware  I've  written  includes  a function  called  sendchar, 
which  transmits  one  byte  at  a time  by  way  of  the 
EUSART's  transmit  buffer  (USART_TxBuf): 

//************************ ********************** 

//*  SEND  A CHARACTER 

//********************************************** 
char  sendchar (char  usart_data) 

{ 

char  tmphead; 

//  calculate  buffer  index 
tmphead  = ( USART_TxHead  + 1 ) & 

USART_TX_BUFFER_MASK ; 

//  wait  for  free  space  in  buffer 
while  ( tmphead  ==  USART_TxTai 1 ) ; 

//  store  usart_data  in  buffer 
USART_TxBuf  [tmphead]  = usart_data; 

//  store  new  index 
USART_TxHead  = tmphead; 

//  enable  TX  interrupt 

TXIE  = 1; 

return  usart_data; 

} 

Here's  how  we  employ  the  services  of  the  sendchar 
function  to  home  the  cursor: 

//************************ ********************** 

//*  HOME  THE  CURSOR 

//************************ ********************** 
void  home_cursor  (void) 

{ 

rc  = sendchar (OxFE) ; 
rc  = sendchar ( 0x4  8 ) ; 

} 
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The  variable  rc  is  short  for  return  code.  You  can  use 
the  return  code  as  a verification  device  as  the  return  code 
in  this  case  should  be  equal  to  the  character  that  was  sent. 
We  can  use  the  same  sendchar  function  to  arbitrarily  set 
the  cursor  position.  The  syntax  for  cursor  positioning  is 
OxFE  0x47  [column][row]: 

II  ************************ ********************** 

//*  SET  THE  CURSOR  POSITION 

II  ************************ ********************** 

void  position_cursor (char  column, char  row) 

{ 

rc  = sendchar (OxFE) ; 
rc  = sendchar (0x47) ; 
rc  = sendchar  (column)  ; 
rc  = sendchar  (row)  ; 

} 


When  displaying  text,  positioning  the  cursor  is  an 
absolute  necessity.  Being  able  to  clear  the  screen  is  also  a 
very  desirable  function.  I think  you've  already  broken  the 
code.  So,  if  I give  you  the  command  syntax  for  clearing 
the  LCD  panel  (OxFE  0x58),  I believe  your  code  would 
look  like  this: 

II  ********************* ************************* 

//*  CLEAR  THE  SCREEN 

II  ********************* ************************* 

void  clear_screen (void) 

{ 

rc  = sendchar  (OxFE)  ; 
rc  = sendchar ( 0x5  8 ) ; 

} 


Piece  of  cake.  This  is  all  fine  until  we  get  ready  to 
push  some  text  out  to  the  display.  What  if  we  wanted  to 
display  the  message  "NUTS  AND  VOLTS"  at  the  home 
position?  You  already  know  how  to  send  the  cursor  home. 
So,  here's  the  code  to  display  our  message: 


II  ********************* ************************* 

//*  DISPLAY  SOME  TEXT  USING  SENDCHAR 

II  ************************ ********************** 

void  display_text (void) 

{ 


rc 

= 

sendchar ( 

'NO; 

rc 

= 

sendchar ( 

VU'); 

rc 

= 

sendchar ( 

'TO; 

rc 

= 

sendchar ( 

'SO; 

rc 

= 

sendchar ( 

' '); 

rc 

= 

sendchar ( 

'AO  ; 

rc 

= 

sendchar ( 

'NO  ; 

rc 

= 

sendchar ( 

'DO; 

rc 

= 

sendchar ( 

' '); 

rc 

= 

sendchar ( 

'VO; 

rc 

= 

sendchar ( 

'OO; 

rc 

= 

sendchar ( 

'LO; 

rc 

= 

sendchar ( 

'TO; 

rc 

= 

sendchar ( 

'SO; 

That's  a lot  of  typing  to  only  display  14  characters. 
Even  if  you  cut  and  paste  the  sendchar  statements,  you 
would  need  a road  map  to  navigate  the  longer  messages 
in  your  source  code. 

The  sendchar  method  works  well  with  commands 
and  short  pieces  of  text.  However,  what  if  we  needed  to 


display  hundreds  of  characters?  How  would  we  handle 
displaying  data  that  is  constantly  changing  over  time? 
Let's  rewrite  our  NUTS  AND  VOLTS  message  code: 


yy********* ************ ************************* 
//*  DISPLAY  SOME  TEXT  USING  PRINTF 
yy************ ********************************** 


void  display_text (void) 

{ 

printf ("%c%c%c%c  NUTS  AND  VOLTS", 


OxFE, 0x47, 1,1) ; 


Whoa!  Only  one  line  of  code!  There's  even  a position 
the  cursor  command  mixed  in  with  our  text  message. 

Each  %c  in  the  printf  statement  is  respectively  associated 
with  the  numeric  values  outside  of  the  quotes.  Those 
values  located  at  the  end  of  the  printf  statement  constitute 
a position  cursor  command.  The  coordinates  of  the 
position  cursor  command  are  column  1,  row  1.  Thus, 
the  text  NUTS  AND  VOLTS  will  be  displayed  beginning  at 
column  1,  row  1 . 

The  printf  function  does  not  utilize  the  interrupt-driven 
EUSART  firmware.  So,  nothing  gets  buffered  and  no 
EUSART  interrupts  are  triggered  when  the  printf  function 
is  called.  I think  you  already  know  how  to  rewrite  all  of  the 
sendchar  cursor  movement  functions  using  the  printf 
method.  So,  we'll  move  on. 

Suppose  we  want  to  monitor  and  display  four  tank 
temperatures  driven  by  three  independent  systems.  Just 
thinking  about  performing  this  task  using  the  sendchar 
method  gives  me  the  willies.  So,  let's  write  the  code 
using  the  easier  and  cleaner  printf  method.  We'll  start  by 
rewriting  our  clear  screen  function: 


yy************ ********************************** 
//*  CLEAR  SCREEN 

yy************ ********************************** 


void  cls_lcd(void) 

{ 

printf ( "%c%c" , OxFE, 0x58) ; 


} 


I don't  think  we  need  to  expound  on  the  obvious. 
With  that,  here's  the  display  code: 

yy************************ ********************** 

//*  DISPLAY  TANK  TEMPERATURES 

yy********************* ************************* 

void  display_data (void) 

{ 

cls_lcd( ) ; 

printf ("%c%c%c%c  NUTS  AND  VOLTS  / DESIGN 
CYCLE" , OxFE , 0x47 ,3,1); 

printf ("%c%c%c%c  TANKl" , OxFE, 0x47, 1, 5) ; 
printf ("%c%c%c%c  TANK2", OxFE, 0x47, 1,6) ; 
printf ("%c%c%c%c  TANK3" , OxFE, 0x47, 1, 7)  ; 
printf ("%c%c%c%c  TANK4" , OxFE, 0x47, 1, 8) ; 
printf ( " %c%c%c%c  SYS_A" , OxFE, 0x47 ,7,3); 
printf ( "%c%c%c%c  SYS_B" , OxFE, 0x47, 14, 3) ; 
printf ("%c%c%c%c  SYS_C", OxFE, 0x47,21, 3) ; 

tempF  = (1.8  * 100)  + 32; 
printf ( "%c%c%c%c  %3.2f", 

OxFE, 0x47,7, 5, tempF) ; 
printf ( "%c%c%c%c  %3.2f", 
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OxFE, 0x47, 14, 5, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47,21, 5, tempF) ; 
mdelayl (100) ; 
tempF  = (1.8  * 110)  + 32; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47,7, 6, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47, 14, 6, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47,21, 6, tempF) ; 
mdelayl (100) ; 
tempF  = (1.8  * 120)  + 32; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47 ,7,7, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47, 14,7, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47, 21, 7, tempF) ; 
mdelayl (100) ; 
tempF  = (1.8  * 130)  + 32; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47,7, 8, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47 ,14,8, tempF) ; 
print f ( "%c%c%c%c  %3.2f", 

OxFE, 0x47 ,21,8, tempF) ; 
mdelayl (100) ; 


display_data  function  is  invoked  from  within  our 
monitoring  application's  main  function,  we  get  the 
results  you  see  in  Photo  4. 


PROCESSING  IMAGES  AND 
KEYSTROKES 


I created  a very  simple  JPEG  image  using  a web 
design  program.  I used  MOGD#  to  upload  the  JPEG 
image  into  the  unit's  bitmap  memory.  Here  is  the  code 
that  forms  a function  that  converts  my  little  JPEG  image 
into  GLK2401 28-25  pixels: 


//***•*■*****■*■•*■*  ********************************** 
//*  DISPLAY  STORED  IMAGE 
//************ ********************************** 


void  display_image (char  image_id) 

{ 

print f ( "%c%c" , OxFE, 0x58) ; 
print f ( "%c%c%c%c%c" , 

OxFE,  0x62,  image_id,  0x01, 0x01)  ; 


} 


} 

Every  call  to  the  printf  function  includes  a cursor  position 
command  with  the  associated  column  and  row  coordi- 
nates. The  tempF  variable  is  defined  as  floating  point.  In 
our  code,  we  have  limited  the  temperature  display  to  three 
significant  digits  supported  by  a resolution  of  1/1 00th  of  a 
degree  Fahrenheit  behind  the  decimal  point.  I've  taken  the 
liberty  to  plug  in  some  Celsius  temperature  values  that  get 
converted  and  displayed  as  Fahrenheit.  Naturally,  the  raw 
temperature  values  would  be  streaming  in  from  other 
functions  operating  within  the  microcontroller  application. 

The  GLK2401 28-25  is  capable  of  implementing  flow 
control  at  its  RS-232  interface.  Instead  of  incurring  the 
small  amount  of  firmware  overhead  that  comes  with 
coding  flow  control  routines,  I've  coded  in  adequate 
single-line  millisecond  delays  (mdelayl  (1 00);)  that  will 
allow  the  PIC  and  the  panel  to  successfully  complete  the 
RS-232  transfers  and  display  the  resultant  data.  When  the 


The  displayjmage  function  clears  the  screen  and 
proceeds  to  invoke  the  draw  a bitmap  from  memory 
command.  I hardcoded  the  image  display  bounds  to  begin 
drawing  the  bitmap  image  at  X/Y  coordinates  0x01  and 
0x01,  respectively.  I used  MOGD#  to  upload  my  JPEG 
image  into  image  slot  1 of  the  unit's  image  memory.  So, 
to  get  the  JPEG  to  display  on  the  LCD  panel,  I called  the 
displayjmage  function  in  this  manner: 

display_image ( 0x0 1 ) ; 

I warned  you  earlier  that  I am  not  an  artsy  guy.  That 
fact  is  pretty  much  proven  in  Photo  5,  which  happens  to 
be  a bitmap  image  of  the  JPEG  I created. 

Getting  a character  out  in  response  to  a keypress  is 
just  as  easy  as  putting  bitmap  images  up  on  the  LCD 
panel.  Let's  say  you  want  to  implement  a simple  single-key 
reset  key  function  using  the  keypad  matrix.  We  don't  want 
to  send  but  one  reset  character  per  keypress.  So,  we  must 


■ PHOTO  4.  We've  displayed  more  information  than  a 
4 x 40  character  LCD  can  handle  and,  as  you  can  see,  we 
still  have  plenty  of  area  to  display  additional  data. 


■ PHOTO  5. This  is  a cool  feature.  Obviously,  I'm 
art-challenged.  However,  the  Matrix  Orbital  GLK2401 28-25 
can  render  some  amazing  graphics  for  those  of  you  that 
regularly  perform  magic  with  pixels. 
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put  the  keypad  matrix  system  into  Key  Up/Down  Mode. 
In  this  mode,  the  panel  does  not  send  characters 
continually  while  the  key  is  depressed.  Instead,  it  senses  a 
key  press  and  immediately  sends  the  character  associated 
with  the  key.  No  other  characters  will  be  transmitted  until 
the  key  that  is  being  depressed  is  released.  Here's  the 
command  code  to  put  in  for  Key  Up/Down  Mode: 

print f ( " %c%c%c " , OxFE, 0x7E, 0x01) ; 


LOST  IN  THE  WOODS  AT 
NIGHT  IN  THE  RAIN 


It's  obvious  that  the  GLK2401 28-25  is  designed  to 
be  easy  to  deploy.  I had  absolutely  no  problems  with  the 
hardware  or  the  MOGD#  application.  However,  I did  run 
into  a gotcha  with  the  RS-232  interface. 

My  initial  PIC  hardware  design  was  driven  by  a 20 
MHz  ceramic  oscillator.  The  PIC18F2620  showed  no  signs 
of  any  abnormality  and  its  EUSART  did  not  exhibit  any 
problems  when  communicating  with  my  TeraTerm  Pro 
emulator.  However,  I could  not  communicate  with  the 
GLK2401 28-25  RS-232  port  reliably  at  any  of  its  supported 
baud  rates.  I figured  I had  a bogus  unit.  I happened  to 
have  two  of  them  and  swapping  in  a new  unit  didn't 
change  a thing.  So,  I placed  a call  to  Matrix  Orbital's 
support  center  and  began  a problem-solving  conversation 
with  Troy  Clark.  Troy  was  very  supportive  and  was  always 
available  to  take  my  calls. 

After  several  days  of  emails  and  phone  calls  to  Troy,  I 
narrowed  the  problem  down  to  the  ceramic  oscillator  that 
I was  using  to  clock  the  PIC18F2620.  There  was  absolutely 
no  science  or  logic  associated  with  finding  the  root  cause 
of  the  problem.  I stumbled  into  the  fix.  In  complete 
desperation,  I replaced  the  20  MHz  ceramic  oscillator 
with  a 20  MHz  crystal  and  the  panel  never  lost  another 


SOURCES 

Matrix  Orbital  — www.matrixorbital.com 
Matrix  Orbital  GLK2401 28-25;  MOGD# 

HI-TECH  Software  — www.htsoft.com 
HI-TECH  PICC-18  PRO 

Microchip  — www.microchip.com 
PIC18F2620;  MPLAB  IDE 


character  when  communicating  with  the  PIC18F2620.  I 
won't  disparage  the  ceramic  oscillator  manufacturer  here 
as  my  problem  may  be  an  isolated  incident.  Needless  to 
say,  I trashed  my  stock  of  that  manufacturer's  ceramic 
oscillator  devices. 


WRAP-UP 

You  have  been  exposed  to  a pair  of  methods 
(sendchar  and  printf)  that  allow  you  to  exploit  the  full 
feature  set  of  the  Matrix  Orbital  GLK2401 28-25.  The 
sendchar  method  is  more  suited  for  smaller  applications 
that  are  being  driven  by  PIC  microcontrollers  with  limited 
memory  resources.  PIC  microcontrollers  with  larger 
program  memory  areas  can  take  advantage  of  the  printf 
command  method. 

We've  only  scratched  the  surface  of  this  panel's  capa- 
bilities. Reading  about  what  it  can  do  does  not  do  this 
LCD  panel  justice.  I've  given  you  a firmware  jump  start  on 
putting  one  to  work.  To  get  a feel  for  how  versatile  the 
GLK2401 28-25  really  is,  you'll  just  have  to  get  a one  of 
your  own  and  meld  it  into  your  Design  Cycle.  NV 
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Source  Level  Debugging 

See  our  full  range  of  products,  including 
books,  accessories,  and  components  at: 

www.melabs.com 
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Turn  Your  PC  into  a Real-Time 
Audio  Spectrum  Analyzer 


AP  CIRCUITS 

PCB  Fabrication  Since  1984 


As  low  as... 

1)9.95 

each! 


Two  Boards 
Two  Layers 
Two  Masks 
One  Legend 


Unmasked  boards  ship  next  day! 


www.apcircuits.com 


CfeCCfefl  IPC  MEMBER 

I - _ ASSOCIATION  CONNECTING  RHR 

WmmiL  [MCTmMcaiNDUSTmzs- 


Features 

FFT  to  1048576  pts 
24  bit,  192kHz 
1/96  Octave 
Dual  Channel 
3-D  Surface  Plot 
Spectrogram  Plot 
Digital  Filtering 
Signal  Generation 
RT-60,  Leq,  Delay 
THD,  IMD,  SNR 
DDE,  Logging 
Vibration  Analysis 

SpectraPLUS  5.0 

FFT  Spectral  Analysis  System 

Download  30  day  FREE  trial! 
u’wu’.spectraplus.  com 

Starting  at  $295 


~W~  "W"  Pioneer  Hill  Software 

W*  l""l  ^ 24460  Mason  Rd 

A Poulsbo  WA  98370 


360  697-3472  voice 
360  697-7717  fax 
pioneer@telebyte.com 


Metal  Fab  r i eat i o n 


Quality  prototype  parts  within  24  hours!! 


Materials  from  0.001”  to  6.000”  in 
thickness. 

Parts  from  practically  any  material. 

Finishes  such  as  powder  coat,  paint, 
plating,  anodizing,  silk  screen,  and 
more! 


Every  job  is  an  extension  of  IIT.  We 
meet  and  exceed  the  quality  and 
service  expectations  of  our  clients  on  a 
consistent  basis.  Contact  sales  at 
(208)  262-7200  or  visit 
www.iitmetalfab.com  today! 


* Quick 

* Affordable 

* Precise 

* No  Minimums 

24  hour  turn  time  based  on  quantity  and  finish  requirements 


Complete  Fabrication  Center 

Integrated  Ideas  & Technologies,  Inc. 
Precision  Laser,  Waterjet,  Plasma,  Machining, 
Micro-Machining,  Forming,  and  Welding 
Capabilities 


6164  W.  Seltice  Way  • Post  Falls,  ID  • 83854  • USA 

Ph  (208)  262-7200  • Fax  (208)  262-71 77  • www.iitmetalfab.com 
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USB  Bus  Analyzers  I 2-ch  IGSa/s  Scope 


I 60/1 00/1 20MHz  AWG  1 /2G Hz  RF  Generators  EMC  Spectium  Analyzer 


I USB1.1/2.0/WiMedia  analyzers 
land  now  - EX260  can  test 
IUSB3.0  5Gbps  too!  Emulate 
I host/device,  verify  compliance. 

| TR1 1 0 / EX200  / EX260 

$999  / $2999  / CALL 


2-ch  IGSa/s  (25GSa/s  equiv.) 
50/100  MHz  scope.  Competes 
head-to-head  with  high-end  makes. 
1 -touch  auto-setup  - easy  to  use!  1 
Mpts  memory  depth  - great  for  circuit 
debug.  DS1000E  $595 


25MHz  2-ch  /1 6 logic  scope 
and  logic  analyzer.  2000  wfm/s 
refresh  rate.  See  waveforms 
and  logic  data  simultaneously. 
Trigger  on  data  or  signal  edge. 
DS1022CD  <332B^  $699 


Color  LCD  Scope  Low-Cost  Scope  50MHz  USB  Scope 


lOwon  - 25M Hz  2-ch 
I trigger  standalone  USB  bench 
I scope  with  7.8”  color  LCD. 
I Battery  powered  optional. 

IpDS5022S(25MHz)  $325 
|pDS6062T(60MHz)  $599 

6 in  1 Scope 


2-ch  40/1 00/200MS/S  8-bit  scope 
range  with  5/1 0/25MHz  bandwidth 
and  USB2.0  for  fast  screen 
updates.  Inc.  scope/FFT/logging 
software. 

PS2203/4/5  from  $297 

Automotive  Testing 


i 


1 6-in-1  USB  scope  adapter!  200kHz  2-ch 
1 10-bit  scope,  2-ch  spectrum  analyzer, 
1 2-ch  chart  recorder,  16-ch  8MHz  logic 
I analyzer,  5-ch  signal  gen,  8-ch  pattern 
I gen.  SPI/I2C/1-W/UART  decoding. 

| PoScope  with  probes  $1 99 

RF  Testing 


I Economical,  portable  RF  test 
I enclosures,  for  initial  compliance 
(testing.  from  $1295 

1 Shielding  Tents  with  external 
(frame,  instant  up/down  for 
1 emissions-free  room,  from  $3500 


ISerial-Ethernet  Cable  Instant  Ethernet 


I Network  your  serial  product  easily 
(without  a PC  using  this  28”  cable. 
(Provides  an  instant  IP  address. 
( RS-232  port  compatible  with  most 
1 10/100mpbs  Ethernet  hubs. 

( eCOV-110-P $89 

USB  to  I2C 


Devasys  - Provides  a simple 
( “drop-in”  solution  for  connecting 
| your  PC  to  90kHz  l2C  + 20  I/O 
1 lines.  Free  software.  Use  multiple 
I boards  for  more  l2C/IO. 

| USB  I2C/IO  $89 


PS3206  - Is  an  impressive  2-ch 
200MS/S  8-bit  PC  scope  adapter 
- lOGS/s  for  repetitive  signals! 
No  power  supply  needed,  simple 
USB  2.0  connection 
PS3206  Bundle  $1574 


60/1 00/1 20MHz  USB  14-bit  ARB 
w.  USB  RS-232,  LAN/GPIB.  10 
built-in  wfms;  6 digit  200MHz 
frequency  counter;  opt.  16-ch 
gen.  DG3061A  $1895 

DG31Q1AOG3121A  $2795/$3995 

Logic  Analyzer 


ZeroPlus-  Intuitive  full-featured  16-ch 
4MB  200MHz  sampling  memory. 
Sophistcated  triggering.  I2C,  SPI, 
and  UART  monitoring.  Includes 
clipleads,  USB  cable  and  software. 
LAP-1 6128U  $29S 


Mixed  -Signal  PC  Oscilloscope 


Auto  Diagnostics  - Award-winning 
kits  turn  yours  into  vehicle-electrics 
diagnostic  tool.  PS3423  kit  $2293 
3-ch  logger  for  1 6-bit  current/voltage/ 
temp  msmt.  KLARI-MOD  MC  $1 900 

.NET  Board 


iA 


100  MHz  Scope  and  Logic  Analyzer 
lets  you  do  complex  triggering  to  find 
hard-to-get-at  glitches,  spikes,  etc. 
Huge  4 or  8 MS  buffer  for  deep  data 
drilling  and  zooming.  Optional  built-in 
swept  signal  generator.  2 Analog 
channels  x 10,  12,  14  bit  with  more 
than  60  dB  dynamic  range.  8 digital 
inputs  for  mixed  signal  display/trigger. 
CS328A-4  (4MS  Buffer)  $1259 
CS328A-8  (8MS  Buffer)  $1 474 

CS700A  (signal  generator)  $299 


High  accuracy/stability,  wide 
range,  low  phase  noise/leakage, 
serial  control.  Keypad/rotary  setting. 
TGR1040: 10MHz-1GHz,  FM  ini/ext 
TGR2050: 1 50kHz-2GHz  AM/FM/PM 
$2498/4558 

World’s  Fastest 


Winner! 

PS5204  - 2-ch  250MHz  Scope  with 
128  MS/s  and  real-time  sampling  of 
IGS/s.  Adv  triggering.  250MHz  spec, 
analyzer  and  125MS/S  waveform  gen. 
PS5203  32MS  buffer  $2237 

PS5204 128MS  buffer $3360 

Handheld  Scope 


20MHz  or  60MHz  rugged 
handheld  USB  scope  with  3.8” 
color  LCD.  Built-in  meter 
great  for  your  tool  kit. 
HDS1022MN  (20MHz)  $593 

HDS2062M  (60MHz)  $699 


Handheld  Palm  PC-based  2.7GHz 
Spectrum  Analyzer.  Multiple 
sweep  settings  - store  wfms, 
set-ups,  etc.  Use  WiFi  PC  for 
email,  reports,  calculations. 
PSA2701T  $1990 

GPS  Logger 


TrackStick  II  - Pocket-sized  logger 
tracks  position  data  for  vehicles, 
personnel,  etc.  Records  date,  time, 
location,  route  and  speed.  Shows 
data  on  Google  maps!  $175 

Super  TrackStick  II $239 

Pen  Scope 


PS2105  - 25MHz  USB  powered 
scope-in-a-probe!  Up  to 
100MS/S,  24 kS  buffer  CA/B/ 

Delphi/LabView/VEE  drivers. 
PS2105  (25MHz,  lOOMS/s)  $369 
PS2104  (10MHz,  50MS/S)  $234 


Wireless  LAN 


Internet  Radio  SPI  Bus  Analyzer  PSoC  Starter 


Smallest  (2.2”  x2.2”!)  lowest  cost 
Microsoft's  .NET  Micro  Framework 
development  system.  USB  host  & 
FAT  file.  Run  C#;  Visual  Studio  for 
programming.  SD/USB  memory, 
other  l/F.  USBizi  $99 


Tiny  802.1 1 b/g  wireless  LAN 
module.  Ethernet-Radio  bridge  with 
RS232  serial  interface,  Webserver. 
LAN  datastreaming  to  33Mbps. 
add  wireless  without  a redesign! 
WIZ-600Wi  $62 

Ethernet-IO 


1 0/1 00  Ethernet  controller  on  a chip! 
Fully  hardwired  TCP/IP  core.  No 
OS  required.  TCP  offload  improves 
system  performance.  PCB  too! 
W5100  (integrated  PHY)  $5.88 
WIZ110SR $35 

I2C  for  PCs 


Ether-IO  - UDP/IP-controlled  24 
digital  I/O  board  3 x 8-bit  TTL 
ports  each  independently 
programmable.  Connects  to  any 
TCP/IP  Ethernet  network. 
Ether-10  24  $119 

RF  Modules 


WIZ-iRadio  - play  internet- 
streamed  audio  files.  Ready- 
made answer  for  creating  an 
Internet  Radio  - doesn't  need  a 
PC.  Backlit  128  x 64  LCD.  IR 
remote  control.  $60 

Multi  parameter  Loggers 

£ 


Mini-logger  with  built-in  temp/humidify/ 
pressure/3-axis  accel  sensors. 
Customize  msmf/record  parameters; 
send  data  to  PC  after  or  during  logging. 
Synchronize  multiple  loggers, 
merge  data  to  single  record 
MSR145S  from  $468 


SPI  Bus  Analyzer  - SPI  protocol 
exerciser  and  analyzer  for  standard 
SPI  and  non-standard  4-wire  and 
3-wire  serial  protocol  interfaces  up 
to  50  Mbps.  PC  control  via  free  GUI 
8PI  Control  Panel  Software. 
SPIXpress $783 


Get  going  quickly  with  PSoC 
visual  design  environment, 
inc.  "Beginner's  Guide  to 
PSoC  Express",  CD  media 
(devtools/compiler/projects/ 
video-tutorial),  PSoC  demo  board. 
PSoC  Starter $199 


Wireless  Analog  Temp/RH  Sensors 


4-ch  analog  input  wireless 
module  433/868/91 5MHz.  Low 
power  serial  interface.  Easy 
configure.  24  bit  ID  to  avoids 
cross-  talk.  2 digital  output. 
EmbedRF  Module  $59 

EmbedRF  DevKit  $299 


TinyOne  Zigbee™  1/2/4/8/16  x RS232 


PCI93LV:  industry-standard  I2C  card 
for  PCs.  WINI2C/PCI  software 
gives  windows-interface  to  develop 
and  debug  I2C  bus  systems. 
UCA93LV  is  USB  version. 
Transparently  monitor  at 
400kHz!  $499 


RF  TX/RX  Modules  - simultaneously 
transmit  composite  video  and 
stereo  audio  signals.  2.4  GHz 
ISM  band.  4-ch  RF,  5V  operation 

AWM630TX  $16 

AWM634RX  $27 


Complete  RF  solution  fbrfast&  reliable 
data  transmission.  Miniaturized  OEM 
RF  module  ensures  fast  and  easy 
integration  into  wireless  applications. 

TinyOne  Zigbee  $58 

B91 5FH-tiny/40-SMD-WA  $63 


Add  COMports  via  your  PC’s 

USB  Port.  USB-COM-S  $20 
USB-2COM  $48 

USB-4COM  $105 

USB-8COM  $195 

USB-16COM-RM  (rackmount)  $459 


UPSICAP™  - novel  ambient  sensors 
and  modules  accurately  measure 
temp/RH.  Amazing  range/response: 
0%  to  100%  RH,  -90  to  +85degC; 
0.25s!  Interchangeable  without 
recalibration.  from  $3  / $40 

Saelig 

Alan  Lowne 
says:  "I  started 
Saelig  as  an 
engineer  - for 
engineers! 
Saelig  - an 
Olde  English 
word  meaning  'happy,  prosperous, 
blessed'  - which  is  what  I want  for 
my  customers,  my  staff,  and 
myself!  See  my  blog  for  behind- 
the-scenes  company  details, 
business  hints,  kudos,  etc. " 


We  search  the  world  for  unique,  time-saving  products  - see  our  website  for  100s  more:  volt/temp  data  loggers, 
wireless  boards,  LCD  display  kits,  Ethernet/IO,  USB/RS232/485,  USB-OTG,  instant  Ethernet-serial, 
CAN/LINbus,  USB  cables/extenders,  line  testers,  logic  analyzers,  color  sensors,  motion  controllers, 
eng.  software,  wireless  boards,  SMD  adapters,  12 C adapters,  FPGA  kits,  GPS  loggers,  automotive  testing, 
security  dongles,  video  motion  detectors,  crystals/oscillators,  custom  switches,  barcode  scanners, 
robots,  DSP  filters,  PLCs,  Remote  MP3  players,  etc.  Don't  forget  to  ask  for  your  FREE  Starbucks  card 
with  your  order!  Check  www.saelig.com  often  for  special  offers,  bargains,  business  hints,  blog,  etc. 
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APPROACHING  THE  FINAL  FRONTIER 


■ BY  L.  PAUL  VERHAGE 

NEAR  SPACECRAF  RECOVERY 
SYSTEMS:  PART  2 

LAST  TIME,  we  sewed  a parachute  canopy,  so  this  month  we'll  add  the 
shroud  lines  and  spreader  ring  to  complete  it.  Then,  we'll  wrap  up  with 
an  electronic  recovery  device  that  you  may  want  to  add  to  your  parachute. 


Are  you  ready? 


SHROUD  LINES 

To  make  parachute  shroud  lines, 
you'll  need  string,  a black  felt  tip 
marker,  large  bearing  swivels  (larger 
than  #3),  split  rings  (one  inch 
diameter),  and  heat  shrink  tubing 
(3/8  inch  diameter  ought  to  be  fine). 
The  best  string  for  shroud  lines  is  a 
woven  cord;  don't  use  twisted  nylon 
cord,  as  it  will  fray  over  time.  I strongly 
recommend  Spectra,  a kite  string 
available  from  stores  like  Into  The 
Wind  (www.intothewind.com).  You 
must  melt  the  cut  ends  of  Spectra  or 
it  begins  to  fray.  So  after  cutting  the 
Spectra,  hold  the  end  of  the  string 


A half  blood  knot,  as  best  as  I can 
draw  it. There  are  webpages  of 
knots  out  there,  if  you  need  a better 
explanation.  Kite  books  are  also  a 
good  source  of  knotty  information. 
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above  the  flame  of  a match  or  lighter. 
Don't  burn  or  ignite  the  cord,  just 
heat  it  enough  that  it  begins  to  melt 
and  ball  up.  For  a 12  pound  near 
spacecraft,  120  or  150  pound  test 
Spectra  is  fine  for  the  shroud  lines. 

I read  many  years  ago  that 
shroud  lines  should  be  twice  as  long 
as  the  diameter  of  the  parachute.  This 
advice  has  worked  well  in  the  nearly 
half  dozen  parachutes  I've  made  to 
date.  Therefore,  since  there  are  eight 
attachment  points  on  the  parachute 
canopy  and  one  shroud  line  connects 
to  two  of  the  points,  we  need  to  cut 
four  lines;  each  24  feet  long  of  kite 
line.  Mark  the  kite  line  24  feet  from 
the  end  with  the  felt  tipped  marker 
and  cut  the  line  just  past  the  mark. 
Then,  carefully  heat  the  cut  end  until 
the  line  melts  to  the  mark.  Now 
repeat  this  three  more  times. 

Before  tying  the  shroud  lines  to 
the  canopy,  find  and  mark  the  middle 
of  each  one.  Then,  mark  spots  one 
inch  before  and  after  the  center 
mark.  Slide  a bearing  swivel  over  the 
center  mark  and  tie  an  overhand 
knot  in  the  kite  line,  trapping  the 
swivel  in  the  knotted  loop  between 
the  one  inch  marks.  Use  just  a bear- 
ing swivel;  don't  use  a snap  swivel 
because  I can  tell  you  from  first-hand 
experience  that  the  snap  swivel  will 
open  up  at  the  wrong  time  during  a 
near  space  mission.  Since  knots 
weaken  lines,  I like  to  slide  a piece  of 
heat  shrink  tubing  over  the  knot  and 


shrink  it  down.  After  tying  the 
bearing  swivels  to  the  center  of  the 
four  shroud  lines,  it's  time  to  attach 
the  ends  of  the  shroud  lines  to  the 
parachute  canopy.  The  knot  used 
to  attach  the  shroud  line  to  the 
parachute  must  resist  pulling  loose. 
Better  yet,  the  knot  should  get  tighter 
if  pulled.  I've  used  a couple  of  knot 
types  in  the  past  and  find  the 
half  blood  knot  works  well.  I've 
diagrammed  the  knot  below  and 
hope  you'll  find  it  helpful  in  tying 
this  knot. 

Measure  and  mark  a point  six 
inches  from  the  end  of  the  shroud 
line.  Then,  pass  the  end  of  the  shroud 
line  through  one  of  the  twill  tape 
loops  at  the  end  of  the  canopy  and 
center  the  mark  inside  the  loop.  Now 
tie  the  knot.  In  some  parachutes,  I've 
covered  these  knots  in  heat  shrink.  If 
you  want  to  do  the  same,  then  you 
must  slide  heat  shrink  over  the  end  of 
the  shroud  line  before  tying  it  to  the 
parachute  canopy. 

After  attaching  the  shroud  lines,  I 
can't  help  but  take  the  parachute 
outside  and  run  with  it.  It's  satisfying 
to  watch  the  parachute  pop  open 
and  give  a large  tug.  The  parachute 
is  ready  to  fly  at  this  point;  however, 
if  you  attach  the  parachute  in  its 
present  state,  the  top  module  will 


NOTE:  All  PCB  patterns  and  files 
are  available  on  the  Nuts  & Volts 
website  at  www.nutsvolts.com. 
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take  some  sideways  force  when  the 
parachute  snaps  open  and  fluctuates 
in  size.  These  forces  of  compression 
can  be  dampened  with  a spreader 
ring. 


THE  SPREADER  BING 

The  spreader  ring  is  just  an 
inexpensive  cross  stitch  or 
embroidery  hoop.  I prefer  the  older 
wooden  ones  as  I don't  believe  the 
plastic  ones  are  strong  enough  to 
stand  up  to  the  cold  and  stress  of  a 
near  space  mission.  An  alternative 
material  that  other  near  space  groups 
have  used  is  a small,  round  cooling 
rack.  I've  never  experimented  with 
attaching  shroud  lines  to  something 
like  this,  so  let  me  explain  how  I 
convert  a cross  stitch  hoop  into  a 
parachute  spreader  ring. 

First,  you'll  notice  that  a cross 
stitch  hoop  consists  of  two  pieces:  an 
inner  ring  of  fixed  diameter  and  an 
outer  loop  of  variable  diameter.  To 
make  the  hoop  stronger,  epoxy  the 
inner  ring  to  the  outer  ring  and  lock 
them  together  tightly  with  the  outer 
hoop's  clamp.  After  the  epoxy  sets, 
file  off  the  metal  clamp  from  the 
outer  hoop  and  fill  the  gap  in  the  ring 
with  a bit  of  bass  wood  and  epoxy. 

Now  locate  and  mark  the 
quadrants  of  the  hoop.  I do  this  by 
drawing  a right  angle  cross  on  a 
sheet  of  paper  and  centering  the 
hoop  over  the  diagram.  Drill  a small 
hole  (1/8  inch  works  well)  through 
the  cross  stitch  hoop,  centered  at 
each  quadrant. 

Now  cut  a piece  of  kite  line 
three  feet  long  and  melt  its  ends. 
Divide  and  mark  the  cord  into  thirds. 
Slide  two  bearing  swivels  on  the  line 
and  tie  them  at  the  one-third  and 
two-third  marks.  Then,  pass  both  free 
ends  of  the  cord  through  one  hole  in 
the  cross  stitch  hoop  and  tie  them 
into  a knot  on  the  other  side.  The 
ends  of  the  cord  fit  snuggly  through 
the  hole  and  it's  difficult  or  impossi- 
ble to  pull  the  knot  through.  For 
added  girth  to  the  knot,  add  some 
heat  shrink  over  it.  Now  repeat  this 
process  for  the  other  three  holes  in 
the  spreader  ring.  The  quickest  way 
to  connect  the  spreader  ring  to  the 


top  module  and  parachute's  shroud 
lines  is  with  a split  metal  ring  (the 
kind  used  for  keys).  Don't  use  hinged 
locking  rings  because  they'll  pop 
open  during  a mission.  A bearing 
swivel  cannot  pop  out  of  a split  metal 
ring,  so  the  split  ring  is  more  secure. 
Only  under  extreme  conditions  will 
a split  ring  untwist  and  opened  up. 

I've  used  one  inch  split  rings  on  my 
parachutes  and  have  not  experienced 
a failure  in  over  65  missions.  By  the 
way,  split  rings  are  available  in  many 
arts  and  crafts  stores. 


THE  PARACHUTE  APEX 

The  parachute  apex  attaches  to 
the  balloon  with  a load  line  and 
bearing  swivel.  With  a bearing  swivel 
at  the  top  of  the  canopy,  less  of  the 
balloon's  rotation  transfers  to  the 
near  spacecraft  below.  Make  an  apex 
cord  from  one  or  two  feet  of  kite  line 
and  melt  its  ends.  Then,  find  and 
mark  the  center  of  the  kite  line  and 
pass  it  through  one  loop  of  a bearing 
swivel.  Tie  an  overhand  knot  in  the 
line,  attaching  the  bearing  to  the  kite 
line  at  the  center  mark.  Now  locate 
and  mark  the  center  of  the  four  twill 
tapes  crossing  over  the  spill  hole  of 
the  canopy.  Wrap  the  other  end  of 
the  kite  line  around  the  center  of  the 
twill  tapes  and  tie  a second  overhand 
knot  in  the  kite  line. 

At  the  launch  site,  tie  the  load 
line  from  the  balloon's  neck  to  the 
top  loop  of  the  bearing  swivel  and 
then  cover  the  knot  in  some  duct 
tape.  Be  sure  that  only  the  metal 
loop  is  taped  over  and  not  the 
rotating  bearing.  And  even  if  Boy 
Scouts  tie  the  knot,  wrap  the  knot  in 
duct  tape  for  additional  security. 

There's  nothing  more  aggravating 
than  untangling  shroud  lines  at  the 
balloon  launch  site.  Thanks  to  Mike 
Manes  of  the  Edge  of  Space  Sciences 
group  in  Colorado.  I've  learned  the 
best  way  to  avoid  this  problem.  After 
getting  the  parachute  shroud  lines 
untangled  the  night  before  a launch, 
wrap  a few  wire  twist  ties  around  the 
shroud  lines.  Now  the  shroud  lines 
can't  move  around  and  tangle  up 
before  launch.  Just  be  sure  you 
remove  the  twist  ties  before  launch- 


The  Spectra 
shroud  line  is 

marked  at  its 

center  point.  E 

The  two  ^ 

additional  1 

marks  indicate  |; 

where  to  tie  ^ 

the  knot. 

// 

\ 

1 

* 

il 

Just  before 
pulling  the  knot 
tight,  be  sure 
the  one  inch 
marks  line  up 
with  the  center 
of  the  knot. 

This  way,  each 
shroud  line  is 
identical  in 
length  and 
shape. 


I wasn't  too 
happy  with  my 
first  attempt  to 
position  the  heat 
shrink  on  this 
shroud  line,  so  I 
used  a second 
piece  of  heat 
shrink  to  partly 
cover  the  first. 
Cut  your  heat 
shrink  long 
enough  so  you 
won't  have  this 
problem.  Also, 
warm  the  heat 
shrink  tubing 
as  gently  as 
possible  so  the 
Spectra  doesn't 
begin  to  melt. 
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radio  signal  (or  lack  thereof)  from  the 
near  spacecraft.  This  device  cuts 
away  the  balloon  by  melting  the  load 
line  running  through  its  nichrome 
coil.  An  I/O  pin  of  the  PICAXE 
operates  the  coil  by  controlling  a 
simple  SPST  reed  relay.  The  coil  only 
needs  to  get  hot  for  a few  seconds  to 
melt  the  load  line.  After  melting,  the 
balloon  is  free  to  continue  ascending 
if  it  hasn't  burst  yet.  This  gives  the 
Smart  Cutdown  the  ability  to 
terminate  the  ascent  of  a near  space 
mission  at  any  point.  If  the  balloon 
has  already  burst,  then  the  balloon 
and  load  line  drop  away  from  the 
parachute,  making  the  descent  easier 
on  the  near  spacecraft. 

To  enable  the  nichrome  coil  to 
melt  the  load  line  in  just  a few 
seconds,  the  coil  needs  insulation 
from  the  cold  near  space  air.  Not 


THE  SMART 
CUTDOWN 

The  recovery  aid  I 
designed  to  counter  the 
two  problems  mentioned 
above  is  the  Smart 
Cutdown.  It's  PICAXE 
controlled  and  can  cut 
away  the  balloon  and 
start  the  audio  beacon 
based  on  either  mission 
elapsed  time  (MET)  or  a 


The  outer  hoop's  clamp  was  removed  and  the  gap 
was  filled  with  a block  of  basswood. The  letter 
visible  on  the  hoop's  side  was  part  of  a test.  I was 
experiencing  too  many  knots  in  the  shroud  line 
and  thought  labeling  every  connection  would  help 
reduce  their  numbers. 


Each  hole  is  centered  vertically  in  the  hoop's 
side  and  90  degrees  apart.  Don't  sweat  it  if 
your  holes  are  mildly  misaligned. 


ik  I 


Connecting  bearing  swivels  is 
fast  and  easy  with  split  rings  The  parachute  apex  with  its  bearing  swivel, 
like  these. 


ing  the  balloon  or  you'll  get  a very 
fast  descent  after  the  balloon  bursts. 


AN  ELECTRONIC 
RECOVERY  AID 


it  lands  in  tall  grass  or  a corn  field. 
The  downside  of  the  audio  beacon  is 
that  it  starts  wailing  away  while 
you're  launching  the  near  spacecraft. 
It's  not  pleasant  to  be  the 
one  nearest  the  audio 
beacon  during  a near 
spacecraft  launch.  (Man, 
it  sure  would  be  nice  if 
the  audio  beacon  would 
only  start  up  on  descent 
or  later.) 


Now  let's  look  at  an  electronic 
device  that  you  might  add  to  your 
parachute  as  an  aid  to  recovery. 
Normally,  a burst  balloon  remains 
attached  to  the  apex  of  the 
parachute  during  the  descent  to  the 
ground.  This  doesn't  harm  the 
descent,  but  does  make  it  more 
chaotic  due  in  part  to  the  weight  and 
drag  of  the  burst  balloon  trailing 
behind  the  parachute  at  the  end  of 
a 20  foot  load  line.  As  the  burst 
balloon  swings  around,  it  tugs  on  the 
parachute  causing  it  to  swing  and  tip. 
If  we  cut  away  the  balloon,  there'll  be 
no  off-balanced  forces  pulling  on  the 
parachute  and  the  descent  is  more 
like  an  elevator  ride. 

Many  near  spacecraft  carry  an 
audio  beacon  to  help  locate  it  when 


Two  bearing  swivels  attached  to  the  cross  stitch  loop. 

I don't  feel  the  heat  shrink  next  to  the  bearing  swivel  knots 
is  necessary  anymore. 


To  make  the  interior  knot  larger  and  more  resistant 
to  coming  unknotted,  there's  a sleeve  of  heat 
shrink  over  it. 
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only  must  the  coil  be  protected 
from  the  air,  but  the  parachute  and 
possibly  the  ground  must  be 
protected  from  the  hot  coil  should 
the  balloon  have  already  burst  or 
the  near  spacecraft  has  already 
landed  when  the  relay  fires.  To 
retain  heat  and  protect  the  para- 
chute and  ground,  mount  the  Smart 
Cutdown  inside  a Styrofoam  box. 

The  SCR  on  the  circuit  switches 
on  the  audio  beacon.  However,  I 
discovered  several  years  ago  that 
the  audio  beacon  doesn't  always 
draw  power.  As  a result,  the  audio 
beacon  forces  the  SCR  to  shut 
down  after  one  beep.  To  get 
around  this,  the  Smart  Cutdown 
adds  an  LED  circuit  in  parallel  to 
the  audio  beacon.  So  even  when  the 
audio  beacon  temporarily  stops 
drawing  current,  the  LED  keeps  the 
SCR  "on"  by  drawing  a small 
constant  amount  of  current.  In  this 
way,  the  SCR  acts  as  a latching  relay 
that  keeps  the  audio  beacon 
functioning  when  the  PICAXE  stops 
putting  voltage  on  the  SCR's  gate. 

The  program  in  the  Smart 
Cutdown  should  cut  the  balloon 
away  between  90  and  120  minutes 
into  the  mission,  which  is  long 
enough  for  the  balloon  to  finish  a 
normal  ascent.  However,  the  PICAXE 
is  smarter  than  just  that.  With  the 
attached  toy  radio  receiver,  the 
PICAXE  can  respond  to  commands 
from  the  near  spacecraft.  The  GPS 
inside  the  near  spacecraft,  an 
accelerometer,  and  a thermometer 
each  can  signal  the  near  spacecraft's 
flight  computer  that  the  balloon  has 
burst,  that  the  mission  has  reached 
the  maximum  desired  altitude,  or  that 
the  desired  mission  elapsed  time  has 
arrived.  The  near  spacecraft  can  then 
use  a toy  transmitter  to  signal  the 
Smart  Cutdown  to  terminate  the 
flight.  However,  this  is  not  all.  Since 
the  Smart  Cutdown's  toy  radio  has 
two  channels,  one  channel  can 
confirm  the  cutdown  command  from 
the  first  channel  or  even  act  as  an 
electronic  heartbeat  for  the  near 
spacecraft's  flight  computer.  As  a 
heartbeat,  the  flight  computer 
transmits  a regular  pulse,  say  two 
seconds  long  every  minute,  signaling 


LISTING  1 


\******************************************************** 
' * Pinout  Notes 

'*  output  1 = beacon  (SCR  + LED) 

'*  output  2 = cutdown  (relay)  * 

' * input  3 = RC  channel 

'*  input  4 = RC  channel  (not  working  in  this  test)  * 

\ ******************************************************** 

SmartCutDown : 

IF  INPUT3  = 0 THEN  SmartCutDown 


'wait  for  the  signal 


Verify : 

PAUSE  1010 

IF  INPUT3  - 1 THEN  SmartCutDown 
PAUSE  1010 

IF  INPUT3  = 0 THEN  SmartCutdown 
Verified: 

HIGH  2 
PAUSE  3000 
LOW  2 
HIGH  1 
PAUSE  500 
LOW  1 

END 


'verify  it  went  low  in  Is 

'verify  it  went  high  in  Is 

'activate  line  cutter 
'wait  3 sec  to  cut  line 
'deactivate  line  cutter 
'start  beacon 


the  Smart  Cutdown  that  all  was  well 
with  the  near  spacecraft.  When  the 
pulses  stop  (flat  lines),  the  Smart 
Cutdown  assumes  the  flight 
computer  has  died  and  takes  over  by 
terminating  the  flight.  The  sooner  a 
failed  near  space  mission  is  terminat- 


ed, the  lower  its  altitude  and  the 
sooner  in  time  and  space  it  will  land, 
improving  its  odds  of  a successful 
recovery.  Toy  R/C  communication 
like  this  enables  very  powerful 
features,  and  best  of  all,  since  the 
radio  has  such  short  range,  there's 


virtually  no  way  for 
spurious  transmissions  to 
trigger  a false  signal. 


It  only  takes  three  of  four  equally 
spaced  twist  ties  to  prevent  the 
shroud  lines  from  tangling. They're 
also  very  easy  to  remove  at  the 
launch  site—  a factor  that's  very 
handy  on  cold  mornings. 


BUILDING  THE 

SMART 

CUTDOWN 


There  are  no  gotchas 
on  this  PCB,  but  do  be 
careful  when  you  solder 
the  radio  receiver  to  the 
board.  The  miniature  radio 
receiver  is  part  of  an  inex- 
pensive, two  channel  radio 
controlled  car  modified  as  I 


described  in  the  June  '04  issue  of 


The  Smart  Cutdown.  Attached  to  the  top  of  the  PCB  is  the  loud  and  annoying 
audio  beacon.  Also  visible  at  the  top  is  the  coil  of  nichrome  wire  that  will  melt 
the  load  line  connecting  the  parachute  to  the  balloon. 


SERVO  Magazine.  Removing  the  tiny 
PCB  and  soldering  new  wires  to  it 
can  be  stressful  on  the  board  if 


PICAXE  Programmer 


After  arriving  in  Kansas 
this  summer  with  my  new 
wife,  I discovered  that  I had 
misplaced  my  PICAXE 
programmer.  Rather  than 
spending  an  inordinate 
amount  of  time  looking  for  it 
in  all  the  moving  boxes,  I 
made  a new  one  with  the 
items  I had  on  hand:  hot  glue, 
a female  DB-9  connector,  its 
plastic  housing,  and  a spare 
two-row  receptacle.  The 
receptacle  I used  is  a high 
quality  2 x 32  glass-filled 
epoxy  body  with  0.5  inch 
gold  plated  leads.  I brought  a 
lot  of  these  2x32  receptacles 
with  me  to  Kansas  and  if 
you'd  like  one,  contact  me 
though  Email.  Since  the 
receptacles  can't  be  snapped 
to  length,  I pulled  the  fourth 
column  of  pins  and  sawed 
through  the  now  opened 
receptacle  with  an  X-acto  saw. 

I then  finished  modifying  the 
receptacle  by  sanding  the  cut  end  with  a small  metal  file 
to  make  a smooth  edge. 

During  programming,  a PICAXE  connects  to  pins  2,  3, 
and  5 of  a DB-9  connector.  The  order  and  spacing  of  the 
pins  in  the  common  three  pin  header  used  to  program  a 


PICAXE  in-circuit  matches  the  order  and  spacing  of  the 
DB-9  connector,  if  pin  3 of  the  header  is  bent  in  line  with 
DB-9  pin  5. 

I did  a small  cheat 
when  I soldered  the 
header  to  the  receptacle. 

After  soldering  a row  of 
pins  into  the  DB-9,  I 
shortened  the  second 
row  of  three  pins  and 
soldered  them  to  the 
longer  first  row.  This  way, 
either  row  of  the  2x3 
header  can  program  the 
PICAXE.  The  soldered 
connection  between  the 
receptacle  and  DB-9  is 
strong  enough  to  use  as 
a programmer  as-is. 

However,  for  long  term 
durability  and  protection 
from  shorts,  I made  a 
proper  housing  for  the 
programmer  by  sawing  a 
plastic  DB-9  housing  in 
two  just  before  the  bolt 
holes  as  you  can  see  in 
the  photo. 

Next,  I filled  the 
receptacle  halves  with  hot  glue  and  closed  them  with  the 
programmer  inside,  then  back-filled  the  open  space 
around  the  receptacle  so  it  became  a solid  block  of 
plastic.  For  good  measure,  I shrank  a band  of  heat  shrink 
around  the  back  end  of  the  closed  housing  and  marked 
the  ground  pin  with  a drop  of  green  paint. 


After  bending 
receptacle  pin  3 to 
line  up  with  DB-9 
pin  5,  you  can 
solder  the  receptacle 
directly  to  the  DB-9. 


The  PICAXE 
programmer  after 
soldering  the  receptacle 
to  a DB-9  connector. 


The  case  is  cut  short  enough 
that  the  receptacle  will 
protrude  a small  amount 
beyond  the  end  of  the  case. 


The  completed  programmer. 

Be  sure  to  observe  which 
side  of  the  receptacle  has  the 
green  dot  when  plugging  it 
into  the  PICAXE  circuit. 
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The  placement  of  parts  for  the  Smart  Cutdown. 


Since  the  Smart  Cutdown  enclosure  is  not  subject  to 
much  force,  a thin  walled  Styrofoam  box  provides  all 
the  necessary  protection  for  the  nichrome  coil. The 
enclosure  hooks  to  the  parachute's  apex,  leaving  the 
load  line  free  to  slide  through  the  nichrome  coil.  Do  not 
tie  the  load  line  to  the  enclosure  or  Smart  Cutdown. 


you're  not  careful.  In  fact,  the  radio  I used  to  test  the 
Smart  Cutdown  had  one  failed  channel  and  I'm  not  cer- 
tain how  or  when  I damaged  it.  So  exercise  some  care. 

The  Smart  Cutdown  PCB  is  designed  for  the  miniature 
radio  receiver  to  be  mounted  to  it,  but  I connected  my 
radio  through  a six  wire  harness  in  case  the  radio  needed 
isolation  for  the  PCB.  The  motor  outputs  from  the  minia- 
ture radio  receiver  connect  to  the  inputs  of  the  two 
optoisolators  (the  4N25s)  on  the  PCB.  If  the  near  space- 
craft operates  the  desired  button  on  its  toy  transmitter,  it 
energizes  an  LED  inside  the  Smart  Cutdown's  opto.  The 
LED's  light  causes  the  NPN  transistor  inside  the  4N25  to 
conduct,  letting  current  flow  to  the  PICAXE  for  detection. 

The  four  wire  pairs  (main  power,  radio  power,  cutter 
power,  and  audio  beacon)  connected  to  the  Smart 
Cutdown  PCB  are  strained  relieved  by  passing  them 
through  holes  drilled  in  the  PCB.  The  cables  then  exit  the 
PCB  from  beneath  it. 

The  miniature  radio  receiver's  voltage  depends  on  the 
toy  R/C  car  you  purchase.  In  the  Smart  Cutdown  pictured 
in  this  article,  the  radio  uses  a single  1.5  volt  AA  cell.  Main 
power  can  be  a six  volt  lithium  battery  as  can  the  cutter 
power.  However,  test  the  cutter  power  on  the  ground 
before  a mission.  Some  lithium  cells  will  not  source 
enough  current  to  melt  a load  line  running  through  the 
nichrome  coil  as  a safety  feature.  This  can  occur  with 
rechargeable  cell  phone  batteries,  but  I was  able  to  use  a 
non-rechargable  lithium  camera  battery  in  a prior  test. 

Speaking  of  the  cutter,  the  hot  wire  cutter  is  three 
inches  of  30  gauge  nichrome  wire.  It's  wrapped  around  a 
1/8  inch  dowel  for  shaping  and  then  bolted  to  the  PCB 
with  2-56  hardware.  Below  is  the  PICAXE  code  I used  to 
test  the  completed  Smart  Cutdown.  In  it,  a BASIC  Stamp 
signaled  the  cutdown  with  two  on-off  pulses  of  one  sec- 
ond each.  In  a real  mission,  the  flight  computer  would  sig- 
nal with  one  radio  channel  and  then  verify  with  the  sec- 
ond (say  by  alternating  pulses). 

Well,  it  looks  like  we're  running  out  of  space  in  this 


month's  issue.  Next  time,  I'll  include  a sidebar  on  reefing 
parachutes  with  a second  electronic  recovery  aid.  If  you'd 
like  to  receive  a copy  of  a Smart  Cutdown  PCB,  contact 
me.  I'd  be  happy  to  make  one  at  nominal  cost.  You  can 
reach  me  at  my  new  email  address  at  NearSys@gmail.com 

Onwards  and  Upwards, 
Your  near  space  guide  NV 
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GETTING  STARTED  WITH 


PICs 


THE  LATEST  IN  PROGRAMMING  MICROCONTROLLERS 


BY  CHUCK  HELLEBUYCK 


GETTING  STARTED  ON  YOUR 
HOLIDAY  GIFT  LIST 


With  the  holidays  looming,  I wanted  to  pass  along  a holiday  shopping  list  that 
you  can  pass  on  to  your  loved  ones  who  don't  have  a clue  what  to  get  for  you. 


I'm  sure  buying  for  the  readers  of 
this  column  isn't  easy  for  their 
family  members,  since  even  a hint  for 
a PICkit™  2 development  board  won't 
make  a lot  of  sense  if  the  relative 
isn't  into  electronics.  So,  here  is  my 
recommended  list  of  products  for 
the  "Getting  Started  with  PIC  MCUs" 
crowd. 


PICKIT™  2 STARTER  KIT 

If  you've  been  reading  this 
column  on  a regular  basis,  you  know 
that  I think  the  PICkit  2 Starter  Kit 
(see  Figure  1)  is  the  best  starter 
package  for  the  beginner.  It  gives 
you  all  the  pieces  you  need  to  get 
started  programming,  including  a 
PIC16F690  MCU.  The  package 
includes  a CD  that  has  a sample 
version  of  the  HI-TECH  PICC-Lite™C 
compiler  and  a sample  version  of 
microEngineering  Labs'  PICBASIC 
PRO  compiler.  You  also  get  sample 
code  for  the  Microchip  MPASM™ 
assembler  if  you  want  to  learn 
assembly  code.  For  $49.95,  this  is  a 


■ FIGURE  1.  PICkit™  2 Starter  Kit. 


great  holiday  gift.  You  can  buy 
these  from  various  sources,  including 
Mouser  (www.mouser.com), 

Jameco  (www.jameco.com), 
and  microchipDIRECT 
(www.microchipdirect.com). 

You  may  already  have  the 
PICkit  2 Starter  Kit  but  want  another 
one  for  your  lab  to  use  the  UART  or 
Logic  Analyzer  tools  built  into  the 
PICkit  2 software.  I have  five  PICkit 
2 Starter  Kits  in  my  lab  so  I'm  a little 
out  of  the  ordinary,  but  having  a 
second  one  is  highly  recommended. 
You  can  purchase  just  the 
programmer  without  the 
development  board.  The  interesting 
thing  is  that  the  CD  is  identical  to 
the  starter  kit  CD,  so  you  get  all  the 
free  stuff  without  the  extra  cost.  Add 
your  own  choice  of  development 
board  and  you  can  make  a custom 
PICkit  2 Starter  Kit. 


PICKIT™  2 

PEVEIOPHIEMT  BOARDS 

You  have  numerous  development 
boards  to  choose  from  for  the  PICkit 
2 Debugger/Programmer.  You  can 
get  them  in  a 20-pin  version  with  a 
PIC16F690  MCU  that  also  supports 
the  eight  and  14-pin  parts.  You 
can  get  an  18-pin  version  with  a 
PIC16F648  MCU  and  a 28-pin 
version  with  a PIC16F886  MCU 
onboard.  These  all  come  in  packs  of 
three  with  one  board  fully  populated 
with  the  PIC  MCU  in  a DIP  socket, 
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and  then  two  blank  boards. 

There  is  also  a 40-pin  board  that 
is  used  in  the  PICkit  2 Debug  Express 
package  — a PIC16F887  in  a surface- 
mount  package  part  that  is  soldered 
to  the  board.  You  can  get  one  fully 
populated  version  and  two  blank 
boards.  If  you  don't  want  to  work 
with  surface-mount  parts,  this  may 
not  be  your  best  choice.  However, 
you  can  create  a PICkit  2 Debug 
Express  by  adding  this  to  your  PICkit 
2 programmer. 

Finally,  there  is  a PIC18F87J10 
development  board  that  has  an 
80-pin  part  soldered  to  it.  That  is  a 
lot  of  I/O  for  such  a small  board.  If 
you  need  the 
I/O  and 
increased 
memory,  then 
this  may  be 
worth  a look. 


■ FIGURE  2. 

28-pin 

Development 

Boards. 


■ FIGURE  3.  PIC18F4XK20  Starter  Kit. 


GETTING  STARTED  WITH  PICs 


PIC18F4XK20 
STARTER  KIT 


Additionally,  there  is  a PIC1 8F4XK20 
development  board  (see  Figure  3)  that 
is  part  of  a starter  kit  which  includes  a 
PICkit  2 programmer.  This  development 
board  has  a lot  of  nice  features, 
including  an  OLED  display.  If  you 
want  to  get  started  with  the  PIC1 8F 
MCU  and  the  Microchip  MPLAB  PIC18 
C compiler,  this  is  a great  package. 


BREADBOARD  MODULES 


■ FIGURE  4.  Breadboard  Modules. 


Now,  if  you  like  to  develop  with 
breadboards  — like  I often  do  — then 
you  may  like  to  add  the  breadboard 
modules  (see  Figure  4)  from  Beginner 
Electronics  (www.beginnerelectronics. 
com)  to  your  list.  These  boards  are 
designed  to  plug  in  to  both  the  power 
rails  (for  powering  the  module)  and 
the  breadboard's  general-purpose  area 
(for  connecting  to  a MCU).  There  are 
various  versions  available  for  the 
different  projects  you  might  create. 

There  are  voltage-regulator, 
momentary-switch,  LED,  EEPROM, 
RS-232,  and  relay  module  versions, 
as  well  as  one  with  an  LCD.  All  are 
designed  to  plug  into  a breadboard. 
Since  the  modules  don't  fit  every  type 
of  breadboard  so  Beginner  Electronics 
also  sells  the  breadboard  and  wire  kit. 


(see  Figure  5).  I often  use  the  sample 
version  in  the  articles  here,  but  once 
you  get  the  full  version,  you'll  wonder 
how  you  survived  without  it.  You  will 
be  able  to  write  programs  as  big  as 
you  want,  using  any  of  the  PIC1 2F, 
PIC16F,  and  PIC18F  MCUs.  If  you 
need  a book  to  help  you  get  started 
using  this  compiler,  there  are  several 
available.  (My  first  book,  Programming 
PIC  Microcontrollers  with  PICBASIC  is 
one  option).  Some  readers  still  email 
me  about  this  compiler  being  too 
expensive.  However,  people  who 
have  bought  and  used  it  tell  me 
they've  gotten  their  money's  worth. 


PICRASIC  STANDARD 
COMPILER 


■ FIGURE  6. 
PICBASIC™ 
Standard  Compiler. 


The  PIC 
BASIC  standard 
compiler  (see 
Figure  6)  is  a 
less  expensive 
alternative  to  the 
PRO  version.  It  limits  you  to  2K  word 
program  space  and  doesn't  have  all 
the  advanced  commands  that  PIC 
BASIC  PRO  offers,  but  I mention  it 
here  because  the  command  set  is 
directly  compatible  with  the  PICAXE® 
chips.  If  you  have  a design  based  upon 
Revolution  Education,  Inc.'s,  PICAXE 
and  want  more  code  space  in  a small, 
eight-pin  part,  then  this  compiler  may 
be  a great  option  as  a next  step.  There 
are  some  PICAXE  commands  this 
compiler  doesn't  support,  so  check 
out  the  command  set  thoroughly 
before  adding  it  to  your  list. 


14-pin:  PIC16F688 
18-pin:  PIC16F88 
20-pin:  PIC16F690 
28-pin:  PIC16F886 
40-pin:  PIC16F887 
28-pin:  PIC18F2520 
40-pin:  PIC18F4520 


NUTS  & VOLTS  AND 
SERVO  MAGAZINE 


Back  issues  of  Nuts  & Volts  or 
SERVO  Magazine  can  never  be  a bad 
present.  You  can  get  them  on  CD 
and  ordering  information  can  be 
found  in  the  pages  of  this  magazine 
you  are  reading.  Subscription 
renewals  are  a good  idea,  too. 


ROOKS 


I might  as  well 
get  my  self  pro- 
motion out  of  the 
way  and  introduce 
my  latest  book, 

Getting  Started 
with  PICs  - 2006 
(see  Figure  7). 

The  book  is  a 
collection  of  the 
first  12  articles 
(January  — 

December  2006)  from  this  column, 
consolidated  into  a book.  Having 
everything  in  a single  bound  book 
can  be  helpful.  If  you  missed  the 
early  columns,  this  may  be  a nice  gift 
for  your  list.  This  book  retails  for 
$29.95  and  can  be  purchased  at  my 
website  (www.elproducts.com)  and 
the  Nuts  & Volts  online  bookstore 
(www.store.nutsvolts.com). 

The  table  of  contents  includes: 


■ FIGURE  7.  My 
Getting  Started 
with  PICs  book. 


PICRASIC™  PRO  FULL 
COMPILER 


Now  is  the 
time  to  ask  for 
the  full  version 
of  the  PICBASIC 
PRO  compiler 

■ FIGURE  5. 
PICBASIC™ 

PRO  Compiler. 


PIC®  MCUs 

You  can  never  go  wrong  adding 
more  PIC  MCUs  to  your  lab.  Get  a few 
free  samples  from  http://sample.micm 
chip.com  for  stocking  stuffers.  These 
are  the  parts  I recommend  you  stock 
at  a minimum.  (You  can  also  buy  larg- 
er quantities  of  these  from  Mouser, 
Jameco  and  microchipDIRECT). 

8-pin:  PIC12F683 


• January  2006  — Designing  with  the 
Microchip  PIC 

• February  2006  — Microchip 
PIC-Based  Resistor  Checker 

• March  2006  — PIC-to-PC 
Communication 

• April  2006  — Going  Beyond  31 
Commands 

• May  2006  — Using  the  Microchip 
PIC  Timers 

• June  2006  — Using  the  PIC  External 
Interrupt 
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• July  2006  — Developing  with  a PIC 
Bootloader 

• August  2006  — Multiplexed  LED 
Displays  and  Relay 

• September  2006  — Real-Time  Clock 

• October  2006  - USB  PIC 
Programmers 

• November  2006  — PIC  Hardware 
Interface 

• December  2006  — Christmas  Music 

Most  of  the  articles  in  this  book  use 


the  PICBASIC 
PRO  Compiler 
sample  version. 

Another 
book  I recently 
released  is 
Beginner's  Guide 
to  Embedded  C 
Programming.  It 
has  been  out  a 
few  months 
now  and  the 


■ FIGURE  8.  My 
Beginner's  Guide 
to  Embedded  C 
Programming  book. 
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WELCOME 


Experience  a Faster  Way  to  Search  for  Components! 


Jameco  Electronics’  new  catalog  and 
enhanced  Jameco.conn  website  are  two 
tools  that  are  designed  to  work  together 
to  give  electronic  professionals  faster 
access  to  the  hottest  components  in  the 
industry. 

Color  coded  references  throughout  the 
catalog  assist  you  in  analyzing  a wide 
range  of  brand  choices  (from  franchise 
sourced  to  house  brands  to  factory 
overruns)  offering  you  more  pricing 
options  than  you'll  see  anywhere  else. 


Web  codes  allow  you  to  quickly  jump 
from  catalog  to  website  to  view  additional 
specifications,  application  notes,  photos 
and  more  products.  You'll  find  exactly 
what  you're  looking  for  without  having  to 
wade  through  hundreds  of  thousands  of 
products  on  a complicated  website  or 
wielding  a twenty  pound  catalog. 

With  a flip  of  the  page  or  a click  of  the 
mouse,  you  have  all  the  tools  you  need 
at  your  fingertips.  Reach  for  Jameco  first 
and  order  your  catalog  today. 


Order  your 
web-enabled 
catalog  today! 


JAMECO 

LECTRONICS 


Call  1-800-831-4242  or  Visit  www.Jameco.com/Speed  for  the  ride  of  your  life! 


feedback  has  been  great.  The  book 
has  eight  projects  that  use  the  PICkit 
2 Starter  Kit.  The  book  (see  Figure  8) 
covers  the  basics  of  embedded  C 
programming  from  the  beginner's 
perspective,  the  same  way  I try  to 
cover  the  BASIC  language  in  Nuts  & 
Volts.  Some  of  the  topics  covered  are: 

• C language  structure 

• C language  statements 

• Functions 

• Linking  multiple  C files 

• How  to  control  outputs 

• How  to  read  inputs 

• How  to  read  an  analog  voltage  with 
an  Analog-to-Digital  Converter  (ADC) 

• MPLAB®  Integrated  Development 
Environment  setup  and  operation 

• PIC16F690  microcontroller  register 
and  configuration  setup 

This  book  retails  for  $39.95. 

You  can  also  find  it  at  my  website 
www.elproducts.com  and  the 
Nuts  & Volts  online  bookstore. 


CONCLUSION 

I'm  sure  you  have  a holiday  gift  list 
of  your  own,  but  hopefully  I gave  you 
(or  your  family)  some  ideas  for  the 
"electronics  hobbyist  that's  hard  to  buy 
for."  Be  sure  and  watch  the  Microchip 
website  as  it  gets  closer  to  the  end  of 
the  year.  In  the  past,  Microchip  has  had 
a holiday  development  tool  sale  (usually 
in  December)  that  allows  you  to  buy 
some  of  this  stuff  at  a discount.  I don't 
know  what  percentage  the  discount 
will  be  or  the  exact  date,  but  I have 
been  told  it  will  happen  again  this  year. 
This  may  make  it  an  even  better  holiday 
season  for  the  Nuts  & Volts  reader! 

Send  me  your  comments  and 
suggestions  to  chuck@elproducts.com. 
I'm  going  to  take  you  a little  deeper 
into  the  PIC  MCU  peripherals  in  my 
2009  columns.  Thanks  for  another 
great  year,  and  for  supporting  my 
column.  I look  forward  to  continuing 
it  in  the  new  year.  NV 


NOTE:  The  Microchip  name  and  logo,  MPLAB,  and 
PIC  are  registered  trademarks  of  MicrochipTechnol- 
ogy,  Inc.,  in  the  USA  and  other  countries.  MPASM 
and  PICkit  are  trademarks  of  MicrochipTechnology, 
Inc.,  in  the  USA  and  other  countries.  All  other  trade- 
marks mentioned  herein  are  property  of  their  re- 
spective companies. 
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www.microchip.com/UNIO 


^ Microchip 


NEW  Single-wire  EEPROM  Family 
In  a Tiny  3-lead  Package! 


Microchip  Technology's  new  UNI/0  serial  EEPROM  uses  only  ONE  connection 
to  the  host  microcontroller.  This  compares  to  two  or  three  pins  for  l2C™  and 
three  to  six  pins  for  Microwire  or  SPI  buses.  This  new,  flexible  bus  offers 
advanced  features  like  a status  register  and  write  protection  on  demand, 
along  with  all  I/O,  data  and  command  functions  through  a single  pin. 


Simplify  designs  & reduce  system  cost 

• Free  up  pins  on  the  MCU 

- Enhance  your  design  by  adding  new  features 

- Move  to  a smaller  MCU  = lower  cost 

• Free  up  pins  on  your  connector 

- Smaller  connector  = lower  cost 

• Compact:  Tiny  packages  and  no  pullup  resistors 

Optimized  for  embedded  applications 

• Software  Write  Protection  Vi,  or  full  array 

• Flexible  data  rate  10  - 100  kHz  set  by  host 

• 1-million  E/W  cycles,  200-year  data  retention 

• Low  standby  current  - 1 pA 

• Real  EEPROM,  up  to  125°C 


Device 

Density 

(bits) 

Operating 

Voltage 

11AA010 

IK 

1.8-5.5V 

11LC010 

IK 

2.5-5.5V 

11AA020 

2K 

1.8-5.5V 

11LC020 

2K 

2.5-5.5V 

11AA040 

4K 

1.8-5.5V 

11LC040 

4K 

2.5-5.5V 

11AA080 

8K 

1.8-5.5V 

11LC080 

8K 

2.5-5.5V 

11AA160 

16K 

1.8-5.5V 

11LC160 

16K 

2.5-5.5V 

GET  STARTED  TODAY! 

Purchase  the  MPLAB®  Starter 
Kit  for  Serial  Memory  Products 

(DV243003),  which  supports  the 
UNI/0  family  of  serial  EEPROM  and 
all  other  Microchip  serial  EEPROMs 
for  $79.98  at 

www.microchipDIRECT.com. 


We  have  over  170  related  titles  in  our  webstore!! 


The  Nuts  & Volts  WEBSTORE 


EDITOR  S PICKS' 


Fuel  Cell  Projects  | 
for  the 
Evil  Genius 


-EVIL 

GENIUS 

If  I'] 


MECHANISMS 
MF.CH  A NIC  AI- 
DE VICES 


SOURCEBOOK 

#»  W-*  - --- 

. > 


Interest  in  fuel  cell  technology  is  on  the 
rise,  thanks  to  the  new  focus  on 
environmental  awareness.  This  excellent 
addition  to  the  Evil  Genius  series  continues 
the  tradition  of  presenting  practical 
examples  of  technologies  you  can  build 
and  learn  from. 

$24.95 


Mechanisms  and  Mechanical  Devices 
Sourcebook,  Fourth  Edition 

If  you’re  serious  about  designing  and 
building  your  own  robot,  you  shouldn’t 
be  without  this  book. 

Each  of  the  over  2,000  illustrations  is 
worth  at  least  1 ,024  words. 
$89.95 


Editor  Bryan  Bergeron’s  recommended  reads. 

Find  these  and  many  more  great  titles  in  the  NUTS  & VOLTS  Webstore! 


ELECTRONICS 


Beginner's  Guide  to  Embedded  C 
Programming  Combo 

*■  by  Chuck  Hellebuyck 


Book  and  Kit  can  be  purchased  separately. 

The  C language  has  been  covered  in  many 
books  but  none  as  dedicated  to  the 
embedded  microcontroller  beginner. 
Through  his  down-to-earth  style  of  writing, 
Chuck  Hellebuyck  delivers  a step-by-step 
introduction  to  learning  how  to  program 
microcontrollers  with  the  C language. 

The  PICkit  2 Starter  Package  is  used  for  all 
the  projects  in  the  book  and  includes  the 
HI-TECH  PICC-Lite  Compiler  and  a 
PICI6F690. 

Reg  $89.95  Sale  $85.55 

Electronics  Projects  For  Dummies 

by  Earl  Boysen  & Nancy  C.  Muir 


Who  says  the  Science 
Fair  has  to  end?  If  you 
love  building  gadgets, 
this  book  belongs  on 
your  radar.  Here  are 
complete  directions  for 
building  1 0 cool  cre- 
ations that  involve  light, 
sound,  or  vibrations  — a weird  micro- 
phone, remote  control  gizmos,  talking  toys, 
and  more,  with  full  parts  and  tools  lists, 
safety  guidelines,  and  wiring  schematics. 

$24.95 


Build  Your  Own  Electronics 
Workshop 

By  Thomas  Petruzzellis 

YOUR  DREAM  ELECTRONICS  LAB 
IS  WAITING  INSIDE! 

This  value-packed 
resource  provides 
everything  needed 
to  put  together  a 
fully  functioning 
home  electronics 
workshop!  From 
finding  space  to 
stocking  it  with 
components  to  put- 
ting the  shop  into 
action  — building,  testing,  and  trou- 
bleshooting systems  — popular  electronics 
author  Tom  Petruzzellis’  Build  Your  Own 
Electronics  Workshop  has  it  all!  And  the  best 
part  is,  this  book  will  save  you  money,  big 
time!  Reg  $29.95  Sale  Price  $24.95 

Getting  Started  in  Electronics 

by  Forrest  M.  Mims  III 
Author  Forrest  Mims  teaches  you  the 
basics,  takes  you  on  a 
tour  of  analog  and  digital 
components,  explains 
how  they  work,  and 
shows  you  how  they  are 
combined  for  various 
applications.  Includes 
circuit  assembly  tips  and 
100  electronic  circuits 
and  projects  you  can 


build  and  test.  Forrest  M.  Mims,  III,  has 
written  dozens  of  books,  hundreds  of 
articles,  invented  scientific  devices,  and 
loves  to  share  his  knowledge  with  eager 
students!  $19.95 
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Getting  Started  with  PICs 

A Collection  of  2006  Nuts  & Volts 
Magazine  Articles 

By  Chuck  Hellebuyck 

In  the  January  2006  Nuts  & Volts  Magazine , 
Chuck  Hellebuyck  started  a column  titled 
“Getting  Started 
with  PICs”  that 
focused  on  the 
beginner.  It  became  a I 
popular  column  and 
continues  in  Nuts  & 

Volts  Magazine  today. 

Many  readers  missed 
the  early  columns  so 
this  book  contains 
the  original  2006  I 
articles  compiled  into  a book  for  easy 
reference. 

$29.95 

Fashioning  Technology 

by  Syuzi  Pakhchyan 


KASHIOMMb 

TECHNOLOGY 


Ready  to  take 
your  craft 
projects  to  the 
next  level?  This 
introductory 
DIY  book 
demonstrates 
how  to  blend 
traditional 
sewing  and 
assembly  techniques  with  new  materials 
and  electronics  to  create  accessories, 
housewares,  and  toys  that  light  up,  make 
sounds,  or  do  even  more.  In  Fashioning 
Technology, you'll  find:* An  invaluable  refer- 
ence section  that  breaks  down  the  materials, 
components,  and  tools  with  clear,  concise 
explanations  and  photos;* A wide  range  of 
projects,  including  electronic  accessories, 
interactive  plush  toys,  and  color-changing 
blinds,  all  using  diverse  crafting  techniques. 
Reg  $29.95  Sale  $24.95 

Fundamental  Electrical  and 
Electronic  Principles 

by  C R Robertson  Third  Edition 

A thorough  introduction 
to  electrical  and  electronic 
engineering  at  Level  3. 

Fundamental  Electrical  and 
Electronic  Principles  covers 
the  essential  principles  that 
form  the  foundations  for 
electrical  and  electronic 
engineering  courses. The 
coverage  of  this  new  edition  has  been 
carefully  brought  in  line  with  the  core  unit 
'Electrical  and  Electronic  Principles'  of 
the  2007  BTEC  National  Engineering 
specification  from  Edexcel.  $35.95 
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Or  CALL  1-800-783-4624  today! 
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Virtual  Serial  Port  Cookbook 

by  Joe  Pardue 
As  talked  about  in  the 
Nuts  & Volts  June  issue, 

"Long  Live  The  Serial  Port" 

™ Kit  $69.95 

J Book  $44.95 

This  is  a cookbook  for  communicating  between  a PC  and  a micro- 
controller using  the  FTDI  FT232R  USB  UART  IC.The  book  has  lots 
of  software  and  hardware  examples.  The  code  is  in  C#  and  Visual 
Basic  Express  allowing  you  to  build  graphical  user  interfaces  and  add 
serial  port  functions  to  create  communications  programs. 

The  Virtual  Serial  Port  Parts  Kit  and  CD 

( also  available , above  right ) 

Combo  Price  $1  15.95  Plus  S/H  $8.95 


C J’jy®  mimr,  fur 
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From  the 

Smiley's  Workshop 

C Programming  for 
Microcontrollers 

by  Joe  Pardue 


Book  $44.95 


Kit  $66.95 


Do  you  want  a low  cost  way  to  learn  C programming  for 
microcontrollers?  This  300  page  book  and  software  CD  snow  you 
how  to  use  ATMEL’s  AVR  Butterfly  board  ( available  in  the  kit, 
above  right ) and  the  FREE  WinAVR  C compiler  to  make  a very 
inexpensive  system  for  using  C to  develop 
microcontroller  projects. 

Combo  Price  $99.95  Plus  S/H  $8.95 


Newnes  Guide  to  Television  and 
Video  Technology 

by  K.  F.  Ibrahim 


PIC  Microcontroller 
Project  Book 

by  John  lovine 


Encyclopedia  of  Electronic 
Circuits,  Volume  7 

by  Rudolf  F Graf /William  Sheets 


THE  EVIL  GENIUS  SERIES 


BOOK  & KIT  COMBOS 
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If  you  tike  books  on  projects, 
check  out  Tlie  Evil  Genius  Series. 
We  have  all  23  books  in  stock 

and  readv  to  shipl 
t—  Eiuv  three  or  more  books  from 

mECHflTttCN.LS  tlllA  anil  qpi  FRF.F.  !].SP^  ►— * 
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TICE 
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TELEPHONE 

PROJECTS 

EVIL 

GENIUS 


.Click  StorciBooks/Ths  Evil  GumoslScnes:  etiLrek  out  the  Digital' Sampler'  on  four  publisher  Selected  titles 


Starting  with  TV 
fundamentals,  the  bulk 
of  the  book  covers  the 
many  new  technologies 
that  are  bringing  rowth 
to  the  TV  and  video 
market,  such  as  plasma 
and  LCD,  DLP  (digital 
light  processing),  DVD, 

Blu-ray  technology, 

Digital  television,  High 
Definition  television  (HDTV),  and  video 
projection  systems.  $34.95 


The  PIC 

microcontroller  is 
enormously  popular 
both  in  the  US 
and  abroad.  The 
electronics  hobbyist 
market  has  become 
more  sophisticated. 

This  new  edition  is 
fully  updated  and  revised  to  include  detailed 
directions  on  using  both  versions  of  the 
microcontroller,  with  no-nonsense 
recommendations  on  which  is  better 
served  in  different  situations.  $29.95 


Publish  Date: August  31,  1998 

An  extensive  library 
of  1 ,000  circuits  from 
the  bestselling,  seven- 
volume  Encyclopedia 
of  Electronic  Circuits.  A 
virtual  treasurehouse. 

An  invaluable  reference 
tool  for  every 
hobbyist,  technician, 
student,  and  design 
professional.  $39.95 


CD-ROMS 


These  CD-Roms  arc  PC  and  MAC  compatible. 
They  require  Adobe  Acrobat  ReaderVcr.6. 
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CALL  1 -800-783-4624  today! 

Or  Order  online  @ www.nutsvolts.com 


PROJECTS 


Microprocessor  Controlled 


Magic  Box  Kit 


Xmas  Tree  Kit 

As  see  in  this  issue  on  page  43. 

For  more  info  and  a demo  video, 
go  to  our  webstore  @ www.nutsvolts.com 

Subscriber’s  Price  $39.45  Non-Subscriber’s  Price  $41.95 

Includes  an  article  reprint. 


This  project  blends  electronics  technology  with  hand  craftsmanship. 
The  clever  trick  has  the  observer  remove  one  or  two  of  six  pawns 
while  you  are  out  of  the  room  and  upon  re-entering  you  indicate  the 
missing  pawns  without  ever  opening  the  box. 

For  more  info  go  to  our  webstore  @ www.nutsvolts.com 

Reg.  Price  $47.55  Sale  Price  $37.95 


Switching  Regulator  Kit 


Digital  LED  Conversion  Kit 


Need  to  regulate  your 
power  output?  Take  a look 
at  this  new  and  improved 
regulator.  For  more  infor- 
mation, please  check  out 
your  June  2008  issue  or 
go  to  our  webstore  @ 
www.nutsvolts.com 
Subscriber’s  Price  $29.95 
Non-Subscriber’s  Price  $32.95 

Kit  includes  an  article  reprint. 


PCBs  can  be  bought  separately. 


200%  More  Efficient 

Turn  all  your  old  style  bulb 
flashlights  into  bright,  five 
LED,  energy  efficient, 

4.5  VDC  digital  flashlights. 

For  more  information, 
go  to  our  website  @ 
www.nutsvolts.com 
Without  Flashlight  Housing 

$22.49 

With  Flashlight  Housing 

$25.95 

Both  include  an  article  reprint. 


As  seen  on  the 
February  2008 
cover 


Temperature  Gauge  PCB 


From  Jim  Stewart's  article 
" Temperature  Gauge  Project" 

Use  this  board  to  build  a temperature 
gauge  that  ranges  from  0°C  to  50°C  using 
a thermistor  in  an  analog  circuit. 

Why  use  a thermistor?  Two  words: 
temperature  transducers. 

For  more  information,  please  check 
out  your  October  2008  issue 
Subscriber’s  Price  $17.95 
Non-Subscriber’s  Price  $21.95 

Includes  an  article  reprint  and  parts  list. 


Nixie  Clock  Kit 


Nixie  tube  clocks  fuse  the  spirit,  drama, 
and  eerie  beauty  of  cold  war  technology 
with  modern  inner  works  to  create 
uncommon  handcrafted  timepieces. 

Now  with  optional  case  choices! 
Get  more  info  @ 
www.nutsvolts.com 

Subscriber’s  Price  $146.95 
Non-Subscriber’s  Price  $159.95 

Kit  includes  article  reprint,  complete  instructions 
and  parts  list. 


Freeze  Fountain  Kit 


This  kit  has  all  the  components  you  need 
to  start  amazing  your  friends  by  creating 
the  illusion  of  water  drops  frozen  in  time. 
You  can  even  show  tnem  dripping 
upwards! 

For  more  information,  please  check 
out  your  May  2008  issue 

Subscriber’s  Price  $98.95 
Non-Subscriber’s  Price  $109.55 

Both  include  an  article  reprint. 


H.V.P.S.  Kit 


r — 


As  seen  on  the 
April  2008  cover 

It’s  fun  to  collect  and  experiment  with 
forgotten  technology! 

But,  you’ll  need  a stable  high  voltage 
power  supply  to  get  started. 


For  more  info,  go  to  the  Nuts  & Volts  Webstore 

www.nutsvolts.com 


KIT  Subscriber’s  Price  $49.45 


Non-Subscriber’s  Price  $54.95 

Both  include  an  article  reprint. 
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WE  ACCEPT  VISA , MC,  AMEX , and  DISCOVER.  Prices  do  not  include  shipping  and  may  be  subject  to  change. 


Attention  Subscribers  ask  about  your 


The  Nuts  & Volts  WEBSTORE 


. • \ 


Alternative  Energy  Demystified 

by  Stan  Gibilisco 
Publish  Date:  October  23,  2006 
I The  fast  and  easy 


alternative 

enert 


way  to  get  up-to- 
speed  on  alternative 
| energy.  Because  of 
current  events, 
geopolitics,  and 
natural  disasters, 
the  cost  of  fuel  is 
front  and  center  in 
our  lives.This  book 
provides  a concise 
look  at  all  forms  of 
energy,  including  fossil  fuels,  electric, 
solar,  biodiesel,  nuclear,  hydroelectric, 
wind,  and  renewable  fuel  cells.You  will 
get  explanations,  definitions,  and  analysis 
of  each  alternative  energy  source  from  a 
technological  point-of-view.  $19.95 


Kill  A Watt 


jlasssr 

• if  ti 

I I 


Tired  of  wasting  money  from 
THE  PHANTOM  DRAW ? 

The  KILL  A WATT  meter  is  the  best 
way  to  determine  your  actual  energy 
draw  from  ON  and  OFF 
home  appliances. 


Build  Your  Own  Electric  Vehicle 

by  Seth  Leitman,  Bob  Brant 
Publish  Date:  October  1 0,  2008 
Go  Green-Go  Electric!  Faster,  Cheaper, 
More  Reliable  While  Saving  Energy  and 
the  Environment! 

This  comprehensive 
how-to  goes  through 
the  process  of 
transforming  an 
internal  combustion 
engine  vehicle  to 
electric  or  even 
building  an  EV  from 
scratch  for  as  much 
or  even  cheaper  than 
purchasing  a 
traditional  car.The  book  describes  each 
component  in  detail — motor,  battery, 
controller,  charger,  and  chassis — and 
provides  step-by-step  instructions  on 
I how  to  put  them  all  together.  $29.95 


Solar  Power  Your  Home  For 
Dummies 

by  Rik  DeGunther 

Publish  Date:  Dec  2007 

This  friendly,  hands-on 
guide  is  packed  with 
tips  for  making  your 
home  more  energy- 
efficient  though  solar 
power — and  helping  the 
planet  at  the  same  time. 

You’ll  see  how  to 
survey  your  home  to  determine  your 
■ current  household  energy  efficiency  and 
use,  and  evaluate  where  solar  power 
would  best  benefit  you. You’ll  also  calcu- 
late what  the  return  on  your  investment 
will  be  before  you  make  any  decisions. 
,$19.95 


Do  It  Yourself  Guide  to 
Biodiesel 

by  Guy  Purcella 

Contains  the  most 
current  and  complete 
information  available 
for  would-be  biodiesel 
makers.This  book 
offers  a step-by-step 
path  from  the  initial 
desire  to  do  some- 
thing good  for  the 
environment  to  the 


final  stage  of  filling  the  tank  with  low-cost 
fuel.  Readers  are  given  a complete 
understanding  of  what  biodiesel  is  and 
how  to  make  it  properly  and  safely. 

There  is  even  a section  on  pitfalls  to 
avoid,  as  well  as  the  author's  personal  tips 
and  tricks.  $15.95 


The  Complete  Idiot's  Guide  to 
Solar  Power  for  Your  Home 

by  Dan  Ramsey  / David  Hughes 
Publish  Date:  May  2007 
The  perfect 
source  for  solar 
power  — fully 
illustrated.This 
book  helps 
readers  under- 
stand the  basics  of 
solar  power  and 
other  renewable 
energy  sources, 
explore  whether 
solar  power 
makes  sense  for  them,  what  their  options 
are,  and  what’s  involved  with  installing 
various  on-  and  off-grid  systems. 

$19.95 


The  Amateur  Scientist  3.0 
The  Complete  Collection 

by  Bright  Science,  LLC 
There  are  1,000 
projects  on  this 
CD,  not  to  mention 
the  additional 
technical  info  and 
bonus  features.  It 
doesn't  matter  if 
you're  a complete 
novice  looking  to 
do  their  first 
science  fair  project 
or  a super 
tech-head  gadget 
freak;  there  are  enough  projects  on  the 
single  CD-ROM  to  keep  you  and  50  of  your 
friends  busy  for  a lifetime!  $26.99 
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CLASSIFIEDS 


SURPLUS 


SURPLUS  ELECTRONIC  PARTS  & ACCESSORIES 


CaHfl*  Hardware  Ralayfi  Swtlehe* 

OVW  13.D0Q  Cnnnednrs  LEDs  SDmlconducfcn  T«1  Equipment 

DtiplBys  Mctora  Ssrvitra  Msnuafc  Tool* 

ram  speakers  vcr  Parts 


Surplus  Malarial  Component  No  Minimum  Order. 

SMC  ELECTRON  ICS  Credit  Cards  and  PAYPAL  Accepted 
www-smcelectrQ n ics.  com  Flat  $d ,95  per  order  USA  Shipping. 


MILITARY  SURPLUS 


Fair  Radio  Sales 


Website:  fairradio.com 
E-mai I . tel rFadic@raifraaio-.cflm 
Phone;  419-227-6573 
Fen;  419-227-1313 
2395  St  Johns  Rd 
Lima,  OH  458LM 
Visa.  Mastercard,  Discover 

Aadresa  Dr:jii  NiV 


30  Foot  Mast  Kit  £139.50 
FRC-47  HF  Trantcd™,  $16Q,W 
6 Position  Ant  Tap  Switch,  S3.S5 
BSMFD  1.2KV  Capacitors,  $17.50 
URM-25  HF  Signal  Generator  $110 
|RT-B34  Ground  Radio  2-30MHz,  $300 1 
Yapt  Antenna  92Q-ftOOMIb,  >19.95 
ME-165  Power  Meier  m W,  £126,00 1 
PRC-25  Backpack  Radio.  $300-00 
HP-331  A Distortion  Analycftr.  £225 
SKY  Dooritnohs  10.  25,  50, 75pf,  $6  ea 
Various  Vel  leman  Electronic  Kite 

/Wany  nacre  items  available 
See  website  for  more  Info 


Send  for  out  Latest  Catalog  !l 


mm 

,urfH 


ctapartQ 

kj/ELECfTROMIC  OHJPfflMENfTaL/ 

ObsukU?  & ciimfnl  pn^inciknv  p-irte 
art  flllt  dhfirt  if  VIMU  bfcflW  hliCru  in 
find  ih^ai  ST  A spsuliic^  m finding 
ibese  Iiji  d io  find  pans  for  you.  Call 
today  nncL  vml  year  sewvh  with  S'l'A 


uM-FPU  V3.1 

Floating  Point  Coprocessor 

32-bit  IEEE  754 
SPI  or  I2C 
DIP-18,  SOIC-18 

Fast  - Easy  to  Use 

Extensive  floating  point  support, 
GPS  input,  FFT,  12-bit  A/D,  matrix 
operations,  user-defined  functions. 

www.micromegacorp.com 


U LEDs  U 


Super  Bright*  from  204 
RGB  Color  Mixing  30  Pack  $6.99 
Aucrtmenl  120  PdCk  $24,99 
Shipping  from  $1.00 

Alan-Parekh.coin/Store 


Bril  Idea 

purvey  nr  of  prototyping  goods 

Create  your  own  -WC&  LED  Ribbon 
RGB  LED  display  -i  fd  palnt*f 
at  home]  -Prop  Blade 

Vfww.briUdea.com 


www.nutsvolts.com 


A 

El 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  - Trade 

Call  Keyways  937-847-2300 
or  email  buyer@keyways.com 


KBQ&3  - LED  Display  Kit  w/ 
Serial  interface 


ELECTRONIC  KITS  & 
TEST  EQUIPMENT 


Electronic 

Kits 


■Fun and  Educational 

■ Discount  White  and 
Blue  LE  Os 

r 

■ Quantity  ' 

Discounts  k . - 

■ V 

w ww  .bakatronits.com 


VINTAGE 

ELECTRONICS 


WANTED 

809-703  YVang  calculators  & 
comp  Lite  re,  1970s  Intel 
computars,  development 
systems,  peripherals  & a 13 
related  I ntel  & Wang  literature. 
Randy*  1305  Gatesmeadow  Way. 

fasten,  VA  me4-i42$, 
703-447-4223,  apargy@aol.com 

WANTED 

I960*  Mdlhatton  calculator*  t>y 
M-alhatron  ics  and  1SH5Q*  Wyte 
Laboratories  calcu  lalora  and  other 
unusual  electronic  calculalor* 
and  all  related  literature. 
Randy,  1 309  Gatesmeadow  Way, 
fasten,  VA  W1 94-  f 42$, 
703-447-4223, 


Books 


PIC®  Microcontroller 

sq-1.com 

Stepper  Motors 

stepperstuff.com 


CNC 

cncintro.com 


JMJJIITIN.IIl 


Id  III  Ml  1 1 UK  jiWLL^" 

Over  JO  MO  speakers,  OiM.OOfl  ol  speaker 
p#ns.  glut,  yipc**qr  bgxcs  grtcgnllg?. 
Etes&avere.  iducticn  healers,  masnitizers. 
■■nni  welders  chart  nirDrdnr:;.  Irnrurtn-rnmrK. 

vasaos.  ir-duEl/ia1  ovens,  motors, 

P1>A  t^rronic  equipmHM.  Wg  ggl  rid  pi 
Ijirl^v  .vl  i jl  . UU  Jusi  I tk&i\ t! 

:?.F  1i96OFM*$Ol0l  6nn  Hnnrln  TJi  7flSHfi 
..vriiYj::-:uriil;:s  ■::'!»  or  03  0-30.1- 94  Li  J ltd*  I iec; 


CONNECTORS/ 

WIRE/CABLE 


I-U320  50Pin-68Pin-80Pin 
1 to  8 Bay  Case  Enclosures 
Adapters  Cables  Terminators 
Low  Prices  - Qly  Discounls! 
(Also  FireWire,  USB,  Video) 
www.mcpb.com 


LCDs/DISPLAYS 


■■  Hl[p  crwmrai  K.  wrtn  Ytaung  .ar^es 

L K|jv^r  L-JiYrawi  buii-rt 

+ tut'™.-  LED  iw>  lyJii 

Ort*r  iwuimf  31' 

4 1 ■ nyhfty glam#  fiyn 


GADGETS 


GREEN  LASER  POINTER 


$22.69  Free  Shipping 


www.  god  gotccntroLca 
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CLASSIFIEDS 


MICROCONTROLLERS 


Incredibly  Low-Cost  USB  Chips  ^ ^ 

USB-232/SPI/I2C  USE  to  serial  ir^nfiCeivRre,  smarlar 
r-:nd  cheaper  than  the  FT23-2R 

USB-DAQ/FifeSys  Data  loggers  plug  in  tike ffasl> drives  *wjf  ■ 
Also  secufiy  dongles,  touch  dtinlrtiiers  Sid  roudi  more..  ’ | j ■ 

For  Windows,  MAC  Linux r no  drivers!  ^ www,t\exw&X-CQ\ 


amazing  advances 

In  T mirrorontmilpf  pi'ogmrnfrier 


HTS  ffW  fr/ly^ 

TE Ac  tipper 


nl:  Upgrade  ny  email  or  airmail f 

#2:  djmrf  the  copies  mafc&s 

rr  J-  Pr/ce  et  Wcuser  £ DigiKey 

fcNsfi'nflf  y 


Fi&xiPsmlJ 


MicroStampll 

World’s  Smallest  68HC11 
Microcontroller  Module! 

• telemetry 

• microrobotics 

• smart  toys 

• animatronics 

• model  railroading 

• home  automation 


• tiny  (1  by  1.4  in.),  light-weight  (0.5  oz.) 

• on-board  5V  reg.,  crystal,  & reset  chip 

• choice  of  8K  or  32K  EEPROM 

• or  32K  RAM  + 32K  EEPROM  (64K  version) 

• SCI,  SPI,  Output  Compare  and  Input 
Capture  channels,  timer,  pulse  accumulator 

• all  14  I/O  lines  and  2 interrupt  lines 
brought  out  to  versatile  20-pin  connector 

• program  in  BASIC,  assembler,  or  C 

• easy  code-loading  with  Docking  Module 

• Starter  Packages:* 

• 8K  EEPROM  (#MS11SP8K) $49 

• 32K  EEPROM  (#MS11SP32K)...$77 

• 32K  EE/32K  RAM  (MS11SP64K)$90 


* includes  MicroStampll,  manual,  PC  soft- 
ware (assemblers,  SBASIC  compiler, 
MicroLoad  utility,  and  sample  programs), 
serial  cable,  Docking  Module,  & accessories. 

www.technologicalarts.com 

Toll-free  (USA  & Canada): 
1-877-963-8996 

Visa  * MasterCard  » Discover  » Amex 


PCS  SOFTWARE 


EXCLUSIVE  U.S.  DISTRIBUTOR 


YOUR  COMPLETE 
SOLUTION! 

• PCB  Design 

• PCB  Simulation 

• CAD/CAM  Menu 

121747,  Hobby  Vers.,  $175 
121743,  Pro.  Version,  $275 

www.KELVIN.com 


SOLAR 

PRODUCTS/KITS 


BATTERY 
DESULFATORS 

www.wizbangplus.com 


Circuit  Labs 

arcTflOJVicm 

www.ffi \ct  oe  ifeu  III  abi.com 

_■==„  H Solar  Data  Log  per 
• * L035  irradiate 

a,  M*  ~ -l,  far  17D  days 

J 1.  ■■  - * F?pnrr^  IWh/m 

■ ' '•  ’~Y"  Weatherproof 

:‘L  *• ' 1 ■'  ^ endoHne 

569'95 

Solaf Bllfthef-Sfll  KitHlJS 
SeLarFrrariiance  Meter- 5IN  Kit  *2E.S5 
Adjustable  Veit ege  Regulator  - 
mm  mi  mss 


* Circuit  board  logouts 
assemblies 

WWW-OSPRFYFI  FCTftONICS.C-OM 
Corv.i?n  your  sketch  or  pant  uto  a quality 
£<£  fix  0 i mhlti abSt  Jirfctf.  Visit  uh  oil 
ihe  web  or  call  Oapjiy  Elscir  wrics  at 
<200)664  1DEB  (USA1 


SATELLITE 


Satellite  Dish  Parts 

C-band  • 4DTV  • FT  A M 


Satellite  TV  Is  The- 
JUtofThePaityjJ 

NEW!  More  Channels  on  C-band! 


• Bigger  Packages  • Better  Values 


FREE  Online  Catalog 


www.skyvision.com 

®Skyvision  218-739-5231 
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is  a READER-TO-READER  Column. 


All  questions  AND  answers  are  submitted  by  Nuts  & Volts  readers  and  are  intended  to  promote  the  exchange  of  ideas  and  provide  assistance 
for  solving  problems  of  a technical  nature.  Questions  are  subject  to  editing  and  will  be  published  on  a space  available  basis  if  deemed  suitable 
by  the  publisher.  Answers  are  submitted  by  readers  and  NO  GUARANTEES  WHATSOEVER  are  made  by  the  publisher.  The  implementation  of 
any  answer  printed  in  this  column  may  require  varying  degrees  of  technical  experience  and  should  only  be  attempted  by  qualified  individuals. 
Always  use  common  sense  and  good  judgement! 


All  questions  and  answers  should 
be  sent  by  email  to  forum@nuts 
volts.com  All  diagrams  should  be 
computer  generated  and  sent  with  your 
submission  as  an  attachment. 


QUESTIONS 

To  be  considered,  all  questions  should  relate 
to  one  or  more  of  the  following: 

O Circuit  Design 
© ElectronicTheory 
© Problem  Solving 
© Other  SimilarTopics 

■ Be  brief  but  include  all  pertinent  informa- 
tion. If  no  one  knows  what  you're  asking,  you 
won't  get  any  response  (and  we  probably 
won't  print  it  either). 

■ Include  your  Name,  Address,  Phone  Num- 
ber, and  email.  Only  your  Name,  City,  and 
State  will  be  published  with  the  question, 
but  we  may  need  to  contact  you. 

■ No  questions  will  be  accepted  that  offer 
equipment  for  sale  or  equipment  wanted  to 
buy. 

■ Selected  questions  will  be  printed  one 
time  on  a space  available  basis. 

■ Questions  are  subject  to  editing. 

ANSWERS 

■ Include  in  the  subject  line  of  your  email, 
the  question  number  that  appears  directly 
below  the  question  you  are  responding  to. 

■ Payment  of  $25.00  will  be  sent  if  your 
answer  is  printed.  Be  sure  to  include  your 
mailing  address  or  we  cannot  send  payment. 

■ Only  your  Name,  City,  and  State,  will  be 
printed,  unless  you  say  otherwise.  If  you 
want  your  email  address  included,  indicate 
to  that  effect. 

■ Comments  regarding  answers  printed  in 
this  column  may  be  printed  in  the  Reader 
Feedback  section  if  space  allows. 


»>  QUESTIONS 

Accessing  Serial  Ports  With  VB 

I am  using  MSComm32.ocx  in  an 
MS  ACCESS  application,  using  VBA.  I 
need  to  send  and  transmit  data  with 
this  control.  I have  the  mscomm32.ocx 
file  installed  on  my  PC,  but  I have  never 
transmitted  data  over  a serial  port 
before  this  project.  Please  help. 

#1  1081  Vince  Finato 

Sunnyvale,  CA 

Air/Fuel  Ratio  Gauge 

I have  an  air/fuel  ratio  gauge 
installed  in  my  car.  My  understanding 
of  the  oxygen  sensor  is  that  it  has  a high 
impedance  output  that  ranges  from 
zero  to  one  volt.  The  output  varies 
rapidly  through  its  range,  making  the 
gauge  dizzying  to  look  at.  Does  anyone 
have  an  idea  for  a circuit  that  I could 
install  between  the  oxygen  sensor  and 
the  gauge  that  would  "average  out"  or 
slow  the  response  of  the  signal  to  the 
gauge?  Perhaps  a voltage  follower  with 
a capacitor  on  the  output? 

#11082  Chris  Karnow 

Hopewell  Junction,  NY 

Power  For  Hughes  Satallite  Dish 

I was  given  an  HN7000S  dish  and 
modem. 

The  DC  in  is  an  eight-pin  DIN  but  I 
do  not  have  the  power  supply  or  pinout 
to  make  it  myself. 

I know  I need  to  have  Hughes  set  it 


up  and  pay  them  for  service  but  I'd  like 
to  have  it  ready  — help! 

#1  1083  Tom  Marrapode 

Laporte,  IN 

Guitar  Tuner 

I am  designing  a microcontroller- 
based  guitar  tuner.  However,  I am 
lacking  some  vital  information:  What 
are  the  frequencies  of  the  open  strings 
(in  Hertz)?  This  would  seem  like  a 
simple  question,  but  so  far  I've  been 
unable  to  locate  this  information. 

#1  1084  James  Burrell 

Trinity,  AL 

Using  A PC  Power  Supply  As  A 
Stand-Alone  Supply 

I would  like  to  use  a spare  PC 
power  supply  as  a stand-alone  source 
for  the  5V  and  1 2V  it  provides.  What  is 
the  simplest  way  to  provide  the  5V 
feedback  for  a power  good  signal?  Is  it 
possible  to  use  the  PG  signal  to  also  act 
as  a power  on  light,  as  well? 

Any  sources  of  part  numbers 
would  be  appreciated. 

#11085  Wes  K Miller 

Dillsburg,  PA 

Well  Pump  Alarm 

I volunteer  my  services  to  our 
local  water  department  (which  is  all 
volunteer  except  for  our  Water 
Operator).  We  have  three  well  sites 
whose  pumps  are  located  at  the  well 
head.  These  pumps  are  connected  to 
variable  frequency  drives  within  the 
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pump  stations.  I would  like  to  send 
alarm  signals  back  from  the  well  heads 
to  the  pump  station  over  these  wires. 
Is  this  possible? 

#1  1086  Howard  Epstein 

via  email 

Hacking  The  Kasey  Kinderbot 

At  the  local  thrift  store,  I recently 
picked  up  a Kasey  Kinderbot  educa- 
tional robot  made  by  Fisher-Price.  I 
thought  it  might  be  fun  to  highjack  the 
controls  and  run  my  own  programs  on 
the  robot.  Does  anyone  know  the  way 
to  do  this?  I also  picked  up  one  of  the 
Rumble  Robots  (Bolt  Man)  and  found 
the  schematic  at  howstuffworks.com 
but  they  did  not  include  the  bar  code 
pattern  for  the  power  cards  nor  the  IR 
control  pattern  for  the  manual  con- 
trols. Has  anyone  decoded  these  yet? 
#1  1087  William  j.  Black 

via  email 

Parallel  Port 

How  does  the  parallel  transfer  of 
data  work?  Does  data  flow  out  from 
the  computer  alone,  or  can  data  be 
read  into  the  computer  from  the 
parallel  port? 

#1  1088  Lynsay  Harrison 

»>  ANSWERS 

Belfast 

[#9081  - September  2008] 

I live  two  miles  south  of  the  US 
border.  My  TracPhone  only  works 
reliably  about  3/4  miles  south  of  the 
border. 

Can  I rig  some  kind  of  reflector/ 
antenna/booster  amp  to  improve  the 
range  of  my  phone ? 

Modern  cell  phones  are  digital 
devices  that  dynamically  adjust  the 
amount  of  power  they  transmit  via 
communications  with  the  cell  tower.  If 
you  are  close  to  the  tower,  transmit 
power  can  be  reduced  to  enhance 
battery  life.  On  the  receive  side,  next 
time  you  see  a cell  tower,  take  a look 
at  it.  Notice  that  there  are  three  or 
more  faces  to  the  antenna  structure 
for  directional  elements.  I would 
suspect  that  the  cell  tower  you  are 
connecting  to  might  not  have  any 


element  points  across  the  border.  If 
you  have  no  billing  jurisdiction,  why 
provide  services?  The  other  cell 
service  providers  in  the  other  country 
want  to  make  a profit  too.  Also,  on 
the  inter-country  issue,  consider 
researching  a carrier  that  offers  service 
in  both  countries.  AT&T  comes  to 
mind  for  their  funny  commercials 
about  lack  of  service  in  different  areas. 
Consider  looking  into  a cell  booster  or 
repeater  rather  than  trying  to  build 
your  own.  If  you  build  your  own  amp 
that  was  too  noisy,  someone  would  be 
knocking  on  your  door  in  somewhat 
short  order.  I Googled  "cell  phone 
repeater"  and  got  many  different 
websites  for  both  vehicle  and  home 
repeaters  that  should  fit  your  needs. 

Tom  Homan 
Globe, AZ 

[#9082  - September  2008] 

How  do  manufacturers  specify 
parameters  of  passive  components ? 

One  example  is  a 1A  diode.  Is 
1A  the  maximum  current  allowed or 
is  the  diode  guaranteed  to  pass  1A 
continuously ? Another  example  is  a 
resistor.  When  you  use  a resistor  as  a 
20  mA  current  limit  to  an  LED  powered 
by  13.8V,  isn't  a 1/4W  resistor  pushed 
over  the  limit? 

#1  All  electronic  components  have 
a manufacturer's  datasheet,  most  of 
which  are  of  standard  format  and  avail- 
able freely  from  the  manufacturer's 
website.  Exceptions  are  old  parts  that 
were  never  updated  for  web  access, 
or  proprietary  custom  parts. 

A well  written  datasheet  will  tell 
you  everything  about  the  component's 
performance  and  operation,  and 
should  comply  with  the  standard  IEC 
60134  Rating  Systems  for  Electronic 
Tubes  and  Valves  and  Analogous 
Semiconductor  Devices.  (It  dates  back 
to  1964,  but  is  kept  current.) 

Here  is  a datasheet  for  a common 
"one  amp  rectifier  diode:"  http:// 
tinyurl.com/5dyeqj.  The  device  is 
rated  to  one  amp,  meaning  it 
can  carry  that  current  without  failure 
indefinitely.  The  same  diode  can 
withstand  a 30  amp  overload  for  a 
limited  time,  as  defined  by  the  test 
criteria  in  the  datasheet. 


Most  datasheets  are  written  with 
"Abs  Max"  and  "Typ"  sections. 
Absolute  Maximums  should  never  be 
exceeded  as  it  will  likely  damage  the 
part,  and  Typical  specs  show  what  the 
part  was  designed  to  do.  Some  parts 
are  graded  by  factory  testing  (such 
as  the  PIV  of  the  diode  example) 
and  higher  voltage  breakdown 
versions  would  be  suitable  for  more 
stressful  applications.  The  datasheet 
also  includes  testing  criteria  and 
mechanical  packaging  dimensions. 

Always  design  for  Typ,  test  your 
design  for  the  worse  case,  and  never 
cross  over  an  Abs  Max  spec  under  any 
conditions. 

An  LED  ballast  resistor  is  easily 
calculated  using  Ohm's  law.  When 
relatively  low  supply  voltages  are  used 
(below  20V),  the  LED  forward  voltage 
drop  should  be  taken  into  account. 
Red  and  green  LEDs  are  2V  or  less; 
blue  and  white  may  be  as  high  as 
4V.  Use  the  actual  part's  datasheet 
to  determine  Typ  voltage  drop  and 
Abs  Max  forward  current  to  prevent 
damage  to  the  LED. 

Resistor  value  needed  = (Vsupply  - 
Vfwd)/Desired  LED  current 

So,  for  a 13.8V  supply,  1.8V  red 
LED  operating  at  20  mA,  the  resistor 
would  be  600  ohms;  a 680  ohm  5% 
would  be  safer  and  not  affect  the 
brightness  much  (if  at  all).  That  resistor 
must  dissipate  some  power,  which  can 
be  calculated  easily: 

P(res)  = l(led)  * l(led)  * R(ohms) 

For  the  above  example,  the  600 
ohm  resistor  dissipates  240  mW;  the 
680  ohm  dissipates  21 1 mW  (because 
the  LED  now  runs  from  only  1 7.6  mA). 

If  you  have  purchased  LED 
"Lamps"  that  burn  out  quickly,  check 
the  actual  voltage  being  used;  1 3.8V  is 
a common  automotive  battery  voltage 
(while  charging),  and  could  be  much 
higher  if  the  charging  circuit  is 
defective.  Either  way,  the  LED  lamp 
could  be  operated  at,  say,  90%  of 
the  Typ  current  used  now  to  get  you 
a bigger  safety  margin.  Use  the 
formulae  above  to  calculate  an  extra 
series  resistor  based  on  the  LED 
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lamp's  Typ  current  rating.  Use  a DMM  to  confirm 
your  work. 

Peter  Stonard 
Campbell,  CA 

#2  For  a 1A  diode,  1A  would  be  the  maximum 
continuous  current.  The  same  diode  would  also  have 
a maximum  repetitive  pulse  rating,  where  the  average 
has  to  be  1 A or  less.  There  is  also  a non-repetitive 
pulse  rating.  This  would  apply  to  in-rush  current  when 
designing  a linear  power  supply,  for  example.  There 
are  lots  of  numbers  to  be  checked  on  a part's  spec  sheet. 
Sometimes  you  can't  use  the  part  at  the  max  rating.  Read  on 
for  one  reason  why  ... 

At  (13.8V  - 1.5V  for  LED)  * 20  mA  = 0.246W,  a 1/4W 
resistor  is  just  about  at  its  limit;  or  so  it  seems.  The  1/4W 
rating  is  true  at  25°C  in  still  air.  However,  at  higher  air 
temperatures  the  resistor  temperature  must  be  higher  to 
transfer  the  same  amount  of  heat  to  the  air.  This  means  the 
resistor  over-heats.  Worded  differently,  a 1/4W  resistor  is 
1/4W  only  at  25°C  or  less.  Add  in  that  components  are 
seldom  used  alone  and  are  often  enclosed  in  boxes  which 
further  reduces  heat  transfer  to  ambient  air,  you  can 
see  why  reliable  designs  use  components  at  50%  to  60% 
of  their  ratings.  (BTW,  depending  on  color,  the  LED 
forward  drop  may  be  more.  The  resistor  wouldn't  be  as 
close  to  the  limit.) 

Dale  Yarker 
via  email 

[#9084  - September  2008] 

Does  anyone  have  a circuit  or  info  to  safely  regulate  high 
voltages  from  200  volts  to  about  50  volts ? Or  how  to 
cascade  adjustable  voltage  regulators  to  add  up  their 
outputs  to  any  desired  high  voltage  to  about  200  volts ? 

#1  A high  output  voltage,  adjustable  linear  regulator  is 
indeed  possible.  The  Linear  Technology  Application  Note 
AN2  by  Jim  Williams  at  www.linear.com/pc/download 
Document.do?navld=HO, C3,P1243,D4099  shows  how.  A 
100  volt,  100  mA  regulator  using  an  LT317  is  shown  in 
Figure  1 1 on  page  AN2-6.  As  explained  in  the  circuit 
description,  a three-terminal  regulator  can  regulate  a high 
voltage  by  itself  if  the  output  never  gets  shorted,  but  if  the 
output  gets  shorted  the  maximum  input-output  voltage 
rating  of  the  regulator  will  be  exceeded,  blowing  the 
regulator.  By  adding  a zener  and  a high  voltage  transistor, 
the  regulator  1C  can  be  protected  from  shorts  on  its  output. 
The  circuit  shown  is  set  to  1 00  volts.  To  get  a higher  output 
voltage,  you  would  need  to  change  three  parts  in  the  circuit 
of  Figure  1 1 : 

1.  Substitute  a higher  voltage  Darlington  for  Q1  so  it 
can  withstand  the  voltage  across  it  if  the  output  shorts.  For 
200  volts  out  and  a 30  volt  zener,  the  substitute  would  need 
at  least  a 1 70  volt  rating.  It  would  also  need  to  be  able  to 
carry  the  maximum  current  you  expect  your  supply  to 
deliver  and  dissipate  the  power  given  by  the  transformer 
current  limit  (or  other  current  limit  in  your  raw  DC  input 
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source)  times  1 70  volts.  For  example,  if  your  raw  DC  supply 
output  is  limited  to  1 00  mA,  this  Q1  would  dissipate  0.1  A x 
1 70V,  or  1 7 watts  if  the  output  is  shorted. 

2.  Change  the  voltage  divider  on  the  adjust  pin  to  get 
the  output  voltage  (or  range  of  output  voltages,  if  you  want 
an  adjustable  output)  that  you  want. 

3.  The  input  transformer  and  voltage  rating  of  the  filter 
capacitor  at  the  bridge  output  if  you  don't  already  have  a 
source  of  high  enough  raw  DC  voltage  to  supply  this  circuit. 

How  high  can  your  regulated  output  be  with  this  type 
of  circuit?  Take  a look  at  Figure  1 1A  in  the  appnote.  It's  a 
2,000V,  300  mA  supply  using  a transmitting  triode  in  place 
of  the  transistor! 

John  Waugaman 
Perrysburg,  OH 

#2  This  circuit  (Figure  1)  is  adjustable  from  50  volts  to 
200  volts.  It  should  handle  up  to  one  amp  output  as  long  as 
Q1  has  sufficient  cooling  (1 50  watts).  I simulated  the  circuit 
using  LT1006  because  it  was  in  the  library,  but  planned  to 
use  LMC6081.  Mouser  does  not  stock  the  LM6081  so  I 
found  the  TLC2262  for  the  parts  list.  Almost  any  CMOS,  rail- 
to-rail,  5V  op-amp  should  work.  The  red  LED  can  be  the 
"on"  indicator  and  is  also  the  voltage  reference  (about  two 
volts).  A tap  on  the  current  limiting  resistor  supplies  VCC  to 
the  op-amp.  I did  not  use  a bypass  cap  on  VCC;  the  simu- 
lation worked  okay  but  you  can  put  in  0.1  pF  if  it  makes  you 
nervous.  R8  reduces  the  gain  to  prevent  oscillation.  If  you 
do  have  oscillation  problems,  you  may  need  to  tweak  R8. 

Russ  Kincaid 
Milford,  NH 
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Part  #: 

Frame 

Size: 

Holding  Torque: 

Price: 

42BYGH404 

NEMA17 

3.4kg.cm/47oz.in 

$16.00 

57BYGH207 

NEMA  23 

8kg.cm/111oz.in 

$21.50 

57BYGH303 

NEMA23 
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$25.95 

57BYGH405 

NEMA  23 

20kg.cm/277oz.in 

$28.90 

85BYGH450B-03 

NEMA  34 

48kg.in/665oz.in 

$68.00 

85BYGH450C-03 

NEMA  34 

63kg.cm/874oz.in 

$89.00 

Part  #: 

Dim: 

MicroStep: 

Price: 

XCW220 

100  x 61 
x 19mm 

1(200),  1/2(400),  1/4(800), 
1/8(1600) 

$39.95 

CW230 

115x72 
x 32mm 

1(200),  1/2(400),  1/4(800), 
1/8(1600),  1/16(3200), 
1/32(6400),  1/64(12800) 

$48.50 

CW250 

140  x 94 
x 45mm 

1(200),  1/2(400),  1/8(1600) 

$54.90 

CW860 

147x97 
x 30mm 

1(200),  1/2(400),  1/4(800), 
1/8(1600),  1/16(3200), 
1/32(6400),  1/64(12800), 
128(25600),  1/5(1000), 
1/10(2000),  1/25(5000), 
1/50(10000),  1/125(25000), 
1/250(50000) 

$96.00 

Mini  RF  Transmitter,  Receiver 
& Transceivers 

Ideal  for  setting  up  short  range  wireless  links 
for  remote  control  or  data  acquisition! 


•Operating  supply  voltage:  5-1 2V 
•Frequency:  418MHz 
•Frequency  tolerance:  ±300KHz 
•Modulation:  ASK/OOK 
•Controlled  by  SAW  device 
•Antenna  included  item  # 

STPA-418H-B 


■ 

Only 

$9.95! 

h 

•Receiver  Module 

•Operating  supply  voltage:  5V 
•Frequency:  418MHz 
•Sensitivity:  -102dBm 
•Band  wide:  3.0MHz  (-3dB) 


Item  # 

RXB4411S-418-RH 


Only 

$15.95! 

•Programmable  Transceiver 

•Operating  supply  voltage: 
1.8-3.6V 


1 

Only 

$9.95! 

•Frequency  range:  300-928MHz 
•Data  rate:  1.2-500kbps 
•Output  power:  -30  to  +10dBm 

•Programmable  via  SPI 
a * ■ I I Item  # 

•Antenna  included  CC1100B 


4.5  Digit,  True  RMS  Autoranging 
Bench  Top  Multimeter 


A Super  Value  for  a Bench  Top 
DMM.  Loaded  with  features  and 
specifications  of  higher  end  units, 
at  a very  modest  price. 

•Digital  & Analog  display,  22000 
count  and  44  segment  bar  graph 
•Autorange  and  manual  range 
•DCV  1000V  in  5 ranges 
ACV  700V  in  5 ranges 
Plus  AC/DC  current,  resistance, 
capacitance,  logic  & temp. 
•RS232  l/F  & Windows  software 


New! 


Item  # 

CSIMS8040 


Only 

$129.00! 


PBB-272A  Powered  Breadboard 
w/  LCD  Voltage  Displays 

Provides  the  user  with  a quick  and  efficient  sys- 
tem for  breadboarding  electronic  circuits.  Comes 
with  three  regulated  power  supplies  along  with  a 
deluxe,  easy-to-use  breadboard. 

Two  LCD’s  conveniently  show 
the  0-15  positive  and  0-15  neg- 
ative outputs. 

•5  Distribution  Strips  (500  tie 
points) 

•3  Terminal  Strips  (1890  tie 
points) 

•4  Binding  Posts 
•One  Ground 

•One  5VDC  (1  AMP)  Constant  Power 
•One  0 to  +15VDC  (500mA)  Variable  Power 
•One  0 to  -15VDC  (500mA)  Variable  Power 
•110VAC  Input  Power,  ± 10% 

Item  # 

PBB-272A 


Only 

$89.00! 


Dual  Output  DC  Bench 
Power  Supplies 

High  stability  digital  read-out  bench 
power  supplies  featuring  constant 
voltage  and  current  outputs.  Short- 
circuit  and  current  limiting  protec- 
tion is  provided.  SMT  PC  boards 
and  a built-in  cooling  fan  help 
ensure  reliable  performance  and 
long  life.  All  3 Models  have  a 

m* 

*** 

. 

1A/5VDC  Fixed  Output  on  the  rear  panel. 


Item  #: 

Price  1-4 

Price  5+ 

CSI3003X-5 

0-30V/0-3A 

$119.00 

$112.00 

CSI5003X5 

0-50V/0-3A 

$127.00 

$119.00 

CSI3005X5 

0-30V/0-5A 

$129.00 

$122.00 
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•Shielded  Transceivers 

•DATA  in  RF  out 
•RF  in  DATA  out 
•Data  rate:  1 .2  to 
10kbps 

•Output  power:  +10dBm 
•Sensitivity:  -108dBm 
•Operating  supply  voltage:  5V 
•Frequency:  915MHz  or  2.4GHz 
•Antenna  included 


a 


Item  # EZ915  (A)  915MHz 

B 1 

and 

Item  # EZ2400  (B)  2.4GHz 

Soldering  Station 
w/Ceramic  Element  & Seperate 
Solder  Stand 


•Ceramic  heating 
element  for  more 
accurate  temp  control 
'Temp  control  knob 
in  F(392°  to  896°) 

& C(200°  to  489°) 

'3-prong  grounded 
power  cord/static  safe  tip 
'Seperate  heavy  duty 
iron  stand 
•Replaceable  iron/easy  disconnect 
•Extra  tips  etc.  shown  at  web  site 


CSI 


Item  # 

STATION1 A 


$39.95! 


Also  Available  w/ Digital  Display  & 
Microprocessor  Controller 
Item  # 

CSI-STATION2A 


$44.95 


ESD  Safe  CPU  Controlled  SMD 
Hot  Air  Rework  Station 

The  heater  and  air  control 
system  are  built-in  and 
adjusted  by  the  simple  touch 
of  the  front  keypad  for  pre- 
cise settings.  Temperature 
range  is  from  100°C  to 
480°C  / 212°F  to  896°F,  and 
the  entire  unit  will  enter  a 
temperature  drop  state  after  15  minutes  of  non- 
use for  safety  and  to  eliminate  excessive  wear. 

Item# 

CSI825A++ 


Our  Premiu 
Repairin 

•Combines  the  function  oi 
a Hot  Air  Gun,  Soldering 
Iron  and  a Desoldering 
Gun. 

•Microprocessor 
controlled  ESD  safe  unit 
with  all  digital  display 
•Desoldering  tool  comes 
with  zero  crossing 
circuity  preventing  electrical  surges  and  equipped 
with  air  cylinder  type  strong  suction  vacuum  pump. 
•The  24V  soldering  iron  is  compatible  with  the 
compound  tip  design. 

•Uses  lead-free  or  standard  solder. 


§AILII! 

$129.00 


| Item# 

$199.00  CSI-9000 


Triple  Output  DC  Bench 
Power  Supplies 


•Output:  0-30VDC  x 2 @ 3 

or  5 Amps  & Ifixed  output 

@ 5VDC@3A 

£!:  Si:  - 

•Stepped  Current:  30mA 

+/-  1mA 

Item  #: 

Price  1-4 

Price  5+ 

CSI3003X3 

0-30Vx2@3A 

$198.00 

$193.00 

CSI3005XIII 

0-30Vx2@5A 

$259.00 

$244.00 

Circuit  Specialists,  Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 
Phone:  800-528-1417  / 480-464-2485  / Fax:  480-464-5824 
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RFID  RCRDCR  iDODULDS 

Designed  in  cooperation  with  Grand  Idea  Studio,  our  (RIFD)  Reader  Modules  are  convenient  low-cost  solutions  to  read  EM 
4100  low-frequency  (125  kHz)  passive  RFID  transponder  tags.  The  RFID  Reader  Modules  can  be  used  in  a wide  variety  of 
hobbyist  and  commercial  applications,  including  access  control,  automatic  identification,  robotics,  navigation,  inventory  tracking, 
payment  systems,  and  car  immobilization.  Board  dimensions  are  3.25  x 2.45  in  (8.25  x 6.22  cm). 


New!  RFID  Reader  Module  - USB  (#28340; 

$49.99)  - This  module  connects  directly  to  a USB  port 
both  for  power  and  to  output  transponder  tag  data  to 
your  custom  PC  application.  A sampleVisual  Basic  (VB.net) 
application  is  provided  on  the  28340  product  page.  Features 
include: 

• Built-in  USB  interface  for  easy  connection  to  your  PC 

• 2400  baud  serial  output  stream  to  PC  is  accessible  from 
any  programming  language  that  can  open  a COM  port 

•Transponder  tag  ID  data  given  as  a 12-byte  ASCII  string 

• Bi-color  LED  for  visual  indication  of  activity 

• Power  required:  5 V (USB  connection);  10  mA  idle, 

90  mA  active 


Best  Seller!  RFID  Reader  Module  - Serial 

(#28140;  $39.99)  - This  4-pin  module  is  designed  for 
easy  prototyping  and  integration  into  stand-alone 
microcontroller-based  applications.  Parallax  provides 
sample  code  in  PBASIC  and  SX/B  on  the  28140  product 
page.  Features  include: 

• 4-pin  0. 1 inch  SIP  header  for  power,  ground,  enable, 
and  data-out  connections 

• 2400  baud  TTL  serial  output  (8 1 N)  to  any  Parallax 
microcontroller 

•Transponder  tag  ID  data  given  as  a 12-byte  ASCII  string 

• Bi-color  LED  for  visual  indication  of  activity 

• Power  required:  5 VDC;  10  mA  idle,  90  mA  active 


Note:  a USB  A to  Mini-B  cable  is  required,  sold  separately 
(#805-00006;  $6.99).  Several  transponder  tag  styles  are 
available  from  Parallax,  www.parallax.com. 


We  also  offer  the  RFID  Reader  Modules  as  part  of  sampler  kits  which  include 
an  assortment  of  four  RFID  transponder  tags. 

RFID  Reader  (USB)  and  Tag  Sampler  Kit  (#32395;  $55.99;  right) 
RFID  Reader  (Serial)  and  Tag  Sampler  Kit  (#32390;  $45.99) 


Order  RFID  Reader  Modules  at  parallax.com 
or  call  our  Sales  Department  toll-free  at  888-5 1 2- 1 024 
(Monday-Friday,  7 a.m.  - 5 p.m.,  PT). 

Parallax,  and  the  Parallax  logo  are  trademarks  of  Parallax  Inc. 


www.parallax.com 
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